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ABSTRACT 
In Antarctica, diatoms inhabit multiple limno-terrestrial habitat types, which may each 
individually offer unique ecological information for use in biomonitoring, paleoecology,  
and biogeography. However, we are still at the initial exploration stage of documenting  
the diversity among habitat types from different Antarctic regions, which is necessary  
to serve as baseline data for the aforementioned scientific disciplines, and ultimately inform 
conservation decisions.  
To gain insight into the spatial and habitat controls on Antarctic diatom communities,  
the importance of habitat type and island aspect was investigated by studying diatoms living 
in ponds, mosses, streams, and seepage areas on two opposite sides Vega Island, Antarctic 
Peninsula. A diverse flora of 136 taxa belonging to 31 genera was revealed, which  
was dominated by the genus Nitzschia, and suggests that the flora of Vega Island  
is biogeographically influenced by both continental and Maritime Antarctic bioregions. 
Habitat type was found to be a crucial factor for diatom community composition, and was 
stronger than the influence of island aspect. In ordination analyses, moss samples were 
separated primarily by their abundances of the diatom Chamaepinnularia krookiformis, 
while pond samples were separated by Nitzschia paleacea and stream habitats  
by Fistulifera pelliculosa.  
These ‘recent’ communities were then compared with paleo-assemblages characterized 
from sediment cores extracted from prominent lakes from both sides of the island. In both 
cores, diatom assemblages were relatively uniform throughout, suggesting stable lake 
communities and/or allochthonous inputs over time. However, sediment cores differed 
substantially from each other in their species richness and diversity, and reflected patterns 
described for modern communities between the two sides of the island, suggesting that  
the drivers of these differences in modern communities are probably operating over long 
timescales.  
This thesis expands ongoing research of diatom diversity and distributions on Maritime 
Antarctic islands, and reveals that both habitat and spatial controls are prominent  
in structuring communities. Furthermore, this research provides a fresh, holistic approach  
to interpreting diatoms in sediment cores to reconstructing past ecological conditions. 
Lastly, as the human presence in Antarctica continues to increase, this knowledge can help 
to develop specially managed and protected areas throughout the region by helping  
to understand factors that promote high and endemic diversity. 
Keywords: James Ross Archipelago; Vega Island; Bacillariophyta; Ecology; Paleolimnology; 
Taxonomy 
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ABSTRAKT 
Rozsivky v Antarktické oblasti obývají různorodé limno-terestrické habitaty, z nichž každý má 
svůj jedinečný ekologický význam v biomonitoringu, paleoekologii a v biogeografii,  
avšak naše znalosti se stále zaměřují převážně na obsáhnutí a zaznamenávání diversity  
u daných habitatů v různých částech Antarktidy.  
Abychom získali větší vhled do toho, co ovlivňuje strukturu společenstev antarktických 
rozsivek z prostorového a habitatového hlediska, popisuji jejich rozmanitost a ekologii. 
Zaměřuji se na čtyři různé habitaty (jezera, mechy, potoky a mělké mokřady) na dvou 
protilehlých stranách ostrova Vega, který se nachází v souostroví Jamese Rosse  
ve Weddellově moři. 
Nalezla jsem různorodou flóru 136 taxonů patřících do 31 rodů, kterým dominoval  
rod Nitzschia. Dále naznačuje, že flóra ostrova Vega je biogeograficky ovlivněna  
jak kontinentálními, tak Maritimními antarktickými bioregiony. Bylo zjištěno, že typ 
stanoviště je rozhodujícím faktorem pro složení společenstva rozsivek, a že tento vliv  
je silnější, než vliv rozmístění v rámci ostrova. V ordinační analýze byly separovány vzorky 
mechů primárně druhem Chamaepinnularia krookiformis, zatímco vzorky jezer byly odděleny 
hlavně druhem Nitzschia paleacea. Potoky určuje především Fistulifera pelliculosa. 
Tato recentní společenstva byla následně porovnána s paleo vzorky z jezerních 
sedimentových jader, které byly odebrány z dvou jezer na protilehlých stranách ostrova 
Vega. V obou jádrech byla nalezena relativně uniformní společenstva rozsivek, což naznačuje 
stabilní jezerní komunity a/nebo allochtonní přísun do jezera v průběhu jeho historie. 
Nicméně jádra sedimentů se jedno od druhého podstatně lišila druhovou bohatostí  
a diverzitou, a to se promítlo i do rozdílů v moderních vzorcích z obou studovaných lokalit. 
To naznačuje, že faktory ovlivňující tyto rozdíly v recentních společenstvech pravděpodobně 
operují v dlouhém časovém rámci. 
Tato diplomová práce rozšiřuje probíhající výzkum diverzity a distribuce rozsivek  
na ostrovech v oblasti Maritimní Antarktidy a ukazuje, že podstatná jsou jak stanoviště,  
tak prostorová distribuce. Dále tato studie poskytuje nový, holistický přístup k interpretaci 
rozsivek v jádrech sedimentů za účelem rekonstrukce ekologických podmínek v minulosti. 
Se zvyšujícím se množstvím lidí v Antarktidě mohou tyto znalosti napomoci k rozvoji 
speciálně řízených a chráněných oblastí napříč regiony tím, že dopomohou k pochopení 
faktorů, které podporují vysokou a endemickou druhovou rozmanitost. 
Klíčová slova: souostroví Jamese Rosse; ostrov Vega; Bacillariophyta; Ekologie; 
Paleolimnologie; Taxonomie 
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DIATOMS 
Diatoms (Bacillariophyceae) are single-cell diploid eukaryotic organisms with the ability  
to photosynthesize. This (sub)division of heterokont algae is one of the most  
species-abundant globally, and rose to prominence during the Cretaceous period, with  
the first fossil records appearing in the early Jurassic. They occupy almost every known aquatic 
environment, including marine, freshwaters, and wetted soils (Round et al. 1990).  
Diatom cell walls are made of silica (opal, SiO2 x nH2O). The capsule itself is composed of two valves 
(the ‘epitheca’ and ‘hypotheca’), one of which is slightly smaller than the other.  
The two valve halves are connected with a siliceous girdle band (or ‘cingulum’), and together make 
the capsule which is called the ‘frustule’. This unique cellular structure is related to their reproductive 
strategy, which is mostly asexual vegetative (mitotic) cell division. When  
a diatom divides, the daughter cell receives one of the valves from the mother cell,  
and the smaller valve must be created itself. This process leads to a gradual decrease  
in the mean cell size of the population. After the critical size limit is reached, sexual reproduction is 
initiated (Round et al. 1990), though the actual trigger is not yet known.  
Ornamentation on each frustule is species-specific, and allows for relatively straightforward 
morphological identification. Characters traditionally used to distinguish diatom taxa include size, 
shape, and symmetry of the frustule, together with “ornaments” such as the apices, striae, raphe, 
central raphe endings, the central area, puncta, stigma, and alveoli (Figure 1.1) (Smol et al. 2003). 
Scanning electron microscopy during the last half of the 20th century substantially increased the 
resolution of cells, providing more detailed and accurate study  
of their morphology (Round et al. 1990). 
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Figure 1.1 Selected valve elements shown on an image of Humidophila nienta from a scanning electron 
microscope. 
Interestingly, diatoms exhibit species-specific responses to changes in the physical  
and chemical properties of their environment, and are therefore widely utilized as indicator taxa in 
environmental and biogeographical studies (Smol & Stoermer 2010). Diatoms have already proved 
their worth as being great ecological indicators in Antarctica, as they are present in almost all moist 
or semi-dry habitats, and their fossils preserve well in sediments (Spaulding et al. 2010). Their value 
as bioindicators, however, depends on the accurate taxonomic assignment of valves in samples 
(Jones 1996). As a recent taxonomical revision  
of the diatom flora from James Ross Island (JRI) has recently been performed  
(Kopalová et al. 2014; Zidarova et al. 2016), , this makes the JRI region an ideal location  
to study diatom ecology and conduct long-term ecological monitoring.   
Aside from their utility as environmental indicators, diatoms play globally important roles  
in earth’s biogeochemical cycles. Because of their silica cell walls, diatoms are a major player in the 
global silicon cycle (Hawkings et al. 2014). Furthermore, given their ability  
to photosynthesize, diatoms produce up to 20% of the world’s O2 and a substantial proportion of 
aquatic organic matter, making them major players in the global carbon cycle as well (Zidarova et al. 
2016). At smaller scales, diatoms are important community members through their interactions with 
other groups, some of which predictably co-occurring with individual species (e.g. Stanish et al. 
2013). For example, some taxa produce mucilage  
and extracellular polymeric substances (‘EPS’), which can be utilized by heterotrophic bacteria 
growing within mosses, biofilms, or microbial mats, and can stimulate heterotrophic activity 
especially under low-nutrient conditions (Danger et al. 2013).  
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SITE DESCRIPTION 
Locality of interest 
Vega Island is part of the James Ross Archipelago (JRA) located in the north-eastern side  
of the Antarctic Peninsula (AP) (Figure 1), and was discovered in October of 1903 by  
the Swedish Antarctic Expedition led by Swedish geologist Otto Nordenskjöld and Carl Anton 
Larsen. Nordenskjöld named Vega Island after his uncle’s Arctic ship, the Vega, which made 
the first voyage through the Northeast Passage in 1878-79 (Stewart 2011).  
The climate of Vega Island is cold and semi-arid. The mean annual air temperature  
at J. G. Mendel Station on northern James Ross Island (~25 km to the west) was –7.0 °C 
 in the period of 2006–2015, with summer daily maxima exceeding +10 °C and winter 
minima dropping below –30 °C (Hrbáček et al. 2017). The interannual temperature variability 
is strongly related to the extent and persistence of sea ice, which affects the air temperature 
above the low-lying and coastal areas (Ambrožová et al. 2019). The whole JRA lies  
in the precipitation shadow of the AP with annual precipitation estimates between 300 and 
500 mm of water-equivalent (van Lipzig et al. 2004). However, the strong winds affect snow 
redistribution, and a significant proportion of the snow is blown away from flat and concave 
surfaces, thus limiting their moisture (Nývlt et al. 2016). The highest point of the island lies 
630 m above sea level (a.s.l.). 
The basement of Vega Island is made of Late Cretaceous sandstones, mudstones  
and conglomerates of the Santa Marta, Snow Hill Island, and López de Bertodano formations 
(Crame et al. 2004). The elevated volcanic mesas in the surrounding are formed by basaltic 
to trachybasaltic rocks (Košler et al. 2009) of the Miocene to Pleistocene James Ross Island 
Volcanic Group (Nelson 1966; Smellie et al. 2013). The mostly subglacial volcanic setting 
produced specific morphology including steeply-inclined hyaloclastite breccia foresets 
covered by flat topsets of subaerial basalt lavas (Smellie et al. 2008). Minor amount  
of subaquatic eruptions is represented on Vega Island by tuffs and lapilli tuffs  
(Smellie et al. 2008). The ice-free areas are covered by till and glaciofluvial sediments 
emplaced here after the retreat of local glaciers and by marine sediments in coastal areas 
(Zale & Karlén 1989).  
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Figure 1.2 Map of Antarctica (A), with inset of James Ross Island and Vega Island. (B) detail of Vega Island 
indicating two study sides (NE Devils Bay and SW Cape Lamb). Pond habitats are indicated by blue circles, moss 
habitats by green diamonds, seepages by black squares, and streams by red triangles. Symbols for north sites 
are filled, and south sites are represented by outlines only.   
Of these ice-free areas, Cape Lamb (63°54' S, 57°37' W, Figure 1B) forms the southwest (SW) 
tip of Vega Island. It was first mapped in 1903 by the Swedish Antarctic Expedition led  
by Otto Nordenskjöld and Carl Anton Larsen, and  later was named after Ivan Mackenzie 
Lamb (Stewart 2011). It is the largest ice-free area on the island, with a maximum elevation 
of 482 m a.s.l. The outcrops consist of Cretaceous-Miocene sediments and volcanic rocks 
(Rinaldi 1982; Pirrie et al. 1991). Streams in this area are shallow, carrying clay and silt,  
and often change course and catchments because of fluvial erosion (Moreno et al. 2012).  
Devil’s Bay (Figure 2B) is representative of the north side of Vega Island, and is climatically 
influenced by the nearby AP. The ice-free area of Devil’s Bay is surrounded by adjacent dome 
glaciers on volcanic mesas with some outlets, including the Glacier Bahía del Diablo 
(Marinsek & Ermolin 2015). Here, the snow accumulation is less than on the southern side  
of the island represented by Cape Lamb (Kopalová, pers. obs.). However, the higher average 
precipitation observed on Cape Lamb is expected to expand to the whole of Vega Island  
as the climate warms (Steig et al. 2009).  
 
1BB 2BB 
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Flora & fauna 
The harsh Antarctic climate and limited light conditions allow only sparse vegetation cover 
on Vega Island. The aboveground primary production is therefore mainly composed  
of lichens and mosses, as no vascular plants occur here (Peat et al. 2007). Furthermore,  
no permanent bird colony has been reported here, and human presence on the island  
is limited only to scientific campaigns in the summertime.  
 
 
Photo 1.1 View around Lake Esmeralda, Cape Lamb. Photo credit: Kateřina Kopalová 
DIATOM RESEARCH IN THE AREA  
Previous work 
Investigations of diatoms from the AP have been mainly conducted on the South Shetland 
Islands to the north of the peninsula (Zidarova et al. 2010, 2012; Van de Vijver et al. 2011; 
Kopalová et al. 2014), and from James Ross Island (JRI) to the south, which has been 
explored in part thanks to the construction of the Johann Gregor Mendel Czech Research 
Station on the northern tip of JRI in 2006. This infrastructure provides the possibility  
to conduct long-term monitoring of several locations in the vicinity. Accordingly, the most 
investigated region of JRI in terms of diatom research is the Ulu Peninsula, where several 
new taxa have been described (Zidarova et al. 2009, 2012; Kopalová et al. 2011;  
Kopalová et al. 2012; Van de Vijver et al. 2010a, 2010b, 2013; Van de Vijver & Zidarova 2011; 
Van de Vijver & Kopalová 2014), resulting in the establishment of a modern, fine-grained 
diatom taxonomy for use in this area, as well as ecological characterization  
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of the assemblages (Kopalová & Van De Vijver 2013a, Kopalová et al. 2013b). However,  
the neighboring Vega Island has only just started to be explored, and is still lacking a detailed 
evaluation of its diatom flora.   
Diatom communities may significantly differ among habitat types, as has been shown  
on the sub-Antarctic islands (Van De Vijver & Beyens 1999; Van de Vijver et al. 2008)  
and in Maritime Antarctica (Kopalová et al. 2012; Kopalová et al. 2014). On Ulu Peninsula 
(JRI), significant differences were found among habitat types, not only in terms of diatom 
relative abundances, but also in diversity, as ponds were more diverse than seepage areas 
and streams (Kopalová et al. 2013). Stream diatom communities specifically may be strongly 
influenced by flow regime (Esposito et al. 2006; Stanish et al. 2011, 2012; Kohler et al. 2015), 
as well as water temperature, which may differ greatly between the glacier snout  
and in downstream reaches, and influence growth rates and survival strategies (Darling et al. 
2017). Furthermore, research on the Antarctic Continent has previously linked differences 
 in abundances stemming from stream ‘harshness’ to the biogeographical distributions  
of individual taxa (Esposito et al. 2006). For lakes and ponds, conductivity may be  
a dominant ecological control, and may indicate marine influence and proximity  
(Saunders et al. 2015), as well as hydrological connectivity through concentration  
and dilution (Sakaeva et al. 2016; Roman et al. in press). On the other hand, moss and 
seepage communities may be more adapted to ‘harsher’ conditions with frequent 
desiccation and greater exposure to the elements, and are often composed of heavily-
silicified taxa commonly found in terrestrial habitats (Kopalová et al. 2014). 
PALEOLIMNOLOGY 
From the beginning of a lake’s origin, sediment is continuously deposited  
(Kachlík & Chlupáč 2003), and chemical and physical characteristics of the environment,  
as well as information about the resident organisms and associated climate changes, can  
be studied from these resulting layers (Wetzel 2001). All of these different proxies can then 
be combined and calibrated to reconstruct the past environment of the given lake  
(Pokorný et al. 1992). Diatoms, with their ability to indicate different factors within  
the environment (Van Dam et al. 1994), together with the excellent preservation of their 
frustules (Hall & Smol 1999), are great model organisms for paleolimnology  
(Round et al. 1990; Smol et al. 2003). The fossil record, however, is usually incomplete,  
and does not capture the ecosystem in its entirety (Pokorný et al. 1992). For example, some 
hydrochemical processes can destroy the silica frustules of dead diatom cells, and as such 
the fossil community does not correspond to its living one, especially in terms of abundances 
(Cohen 2003; Smol et al. 2003). This is especially possible in hypersaline lakes with high pH, 
or under high temperatures or pressure (Barker et al. 1994). Distortion can also occur given 
that smaller valves dissolve faster (Smol et al. 2003), and that mechanical movement, 
whether caused by inflow, other organisms (bioturbulance), or sediment processes, can 
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cause valve breaks (Smol et al. 2003). Despite all these difficulties, it is possible to obtain  
a lot of information from the diatom lake fossil record. 
 
Sediment cores from this area 
Unlike East Antarctica, where most of the lake sediment cores with diatom analysis were 
performed (Fulford-Smirth & Sikes 1996; Roberts & McMinn 1998; Roberts et al. 1999, 2001,  
2004; Cremer et al. 2004; Hodgson et al. 2005), not many have been done in the Antarctic 
Peninsula area. On Vega Island, paleolimnological work has been recently conducted 
(Pišková et al. 2019; Čejka et al. in review; Moreno et al. 2012; sinito 2011,  
Irurzun et al. 2013, 2017), though the diatoms recovered from the cores present some 
unclear patterns and mysteries, which will be discussed further in this thesis. One of the first 
studies from Vega Island provided a hydrological examination of the Cape Lamb area, 
including Lake Esmeralda (Moreno et al. 2012). Sinito et al. (2011) and Irurzun et al. (2013, 
2017) studied the paleomagnetic properties of Lake Esmeralda sediments. On Beak Island,  
to the north-east of Vega Island, lake sediments were studied by Sterken et al. (2012). 
Elsewhere in the Antarctic Peninsula region, cores have been examined to reconstruct  
ice-sheet changes since the Last Glacial Maximum (Cofaigh et al. 2014). The study nearest  
to Vega Island is from the northern part of James Ross Island (Björck et al. 1996). Lake 
Terrapin, Monolith, and Keyhole were dated during that study; however a continuous 
paleoclimatic record was detected only on Keyhole Lake. Studies on James Ross Island ice 
cores were provided by Mulvaney et al. (2012) and Abram et al. (2013) on Mt. Haddington 
ice cap; however no diatom analysis were performed there. On a broader scale, diatom 
analyses on lake sediment cores have been conducted by Schmidt et al. (1990)  
on King George Island, and by Heroy et al. (2008) in the Bransfield Basin.  
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AIM AND OUTLINE OF THIS THESIS 
This thesis focuses on the taxonomical, ecological, and paleoecological characterization  
of aquatic, semi-aquatic, and moss-inhabiting diatom communities from Vega Island,  
a Maritime Antarctic Island located in the Antarctic Peninsula region. More specifically, this 
thesis investigates the diversity and ecology of diatoms living in different habitat types such 
as ponds, mosses, streams, and seepage areas on two opposite sides of Vega Island  
with different climate conditions (Chapter 2), and compares these modern communities 
with those from sediment cores from two prominent lakes extracted from both sides  
of the island (Chapter 7). Further comparison of the two sediment cores is provided  
in Chapter 6. This paleoecological component of the thesis was part of bigger project  
(The past is the key to the future: Ecology and Holocene evolution of freshwater diatom 
communities in the northern Antarctic Peninsula region; GAČR 16-17346Y), where  
I was involved in the Lake Esmeralda sediment analysis and Lake Anonima sediment core 
preparation, and resulted in two publications where I am listed as a co-author  
(Píšková et al. 2019; Čejka et al. in review) (Chapters 4,5).  Finally, a first author paper 
(Bulínová et al. 2018) (Chapter 3) with a description of a new diatom species is a result 
of the taxonomical revision of the modern diatom flora (see Appendix 2). 
 
 
More specifically, the thesis focuses on three key subjects: 
 
 Floristic and taxonomic analysis of the diatom flora of Vega Island: How cosmopolitan 
is the Vega Island diatom flora in the context of the Maritime Antarctic? Can all 
observed taxa be identified using the currently available literature? Must new species 
be described? 
 
 Ecological analysis of the modern diatom communities of Vega Island: Do diatom 
communities differ by habitat type? Are there differences in the diatom flora 
between opposing sides of Vega Island with differing climatic characteristics? 
 Comparative analysis of the diversity and composition of diatom assemblages from 
two lake sediment cores, each from a different side of Vega Island: Do diatom 
assemblages differ between cores? How are diatom assemblages from each core 
related to modern diatom communities from each side?  
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MATERIALS AND METHODS 
Sampling 
A total set of 113 samples were collected from four different habitat types (ponds, moss, 
streams, seepages) on two different sides of Vega Island (GPS, Figure 1), during the austral 
summers of 2013 (Devil’s Bay) and 2014 (Cape Lamb) (Table 1). From all habitat types, 
samples were collected by removing the upper layer of material (mosses/biofilms/microbial 
mat) from substrata, placing them in a clean plastic container, and immediately fixing them 
with 96% EtOH. Samples were then transported to the Department of Ecology at Charles 
University (Prague, Czech Republic).  
When possible, basic ecological parameters such as pH, conductivity and temperature were 
measured with a Hanna Combo instrument (Hanna Instruments, USA, upper detection  
limit = 4,000 μS cm-1). A detailed list of the collected samples with their ecological data 
 is given in Appendix 1. 
 
Slide preparation and sample analysis 
Samples were prepared following the method described in Van der Werff (1955). First, 
samples were cleaned by adding 37% H2O2 and heated to 80 °C for 1 hour. Oxidation  
of organic material was followed by adding KMnO4. After digestion samples were rinsed 
three times with deionised H2O and centrifuged (3 × 10 minutes at 3700 × g). The material 
was diluted with distilled water so excessive concentrations of diatom valves were avoid, 
dried on microscope cover slips and permanently mounted with Naphrax® medium  
onto slides. Samples and slides as well are stored at the Department of Ecology at Charles 
University. 
In each sample, 400 valves were enumerated on random transects at 1,000 x magnification 
under oil immersion using an Olympus BX43 microscope, equipped with Nomarski Contrast 
and Olympus DP27 camera using the cellSens Entry Imaging Software. Valve dimensions 
[length (L), width (W) and stria density (S)] were determined on every species to compare it 
with previously known minimum and maximum values for each of those dimensions to be 
certain of classification. For taxonomical identification Zidarova et al. (2016) was used  
as a main source of information. For several species, identification up to species level was 
not possible due to their unclear taxonomic situation. When the identity of a taxon could  
not be determined with 100% certainty, it was shown using ‘cf.’ or ‘sp.’ For Antarctic species, 
the geographic distribution was further subdivided in sub-Antarctic (SA), Maritime Antarctic 
(MA) and Continental Antarctic (CA) Region based on Chown & Convey (2007) and Zidarova 
et al. (2016).  
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Statistical analysis 
To compare diatom community structure among different habitat types and sides  
of the island, diatom species counts were transformed to relative abundances  
(% of total diatom valves counted per sample), and species richness, Shannon diversity 
(Shannon & Weaver 1949), and evenness (Pielou 1966) were calculated. Tukey’s Honest 
Significant Differences (HSD) was used to determine significant differences between 
categories (i.e. habitat types and NE/SW sides of the island).  
The raw relative abundance data were visualized with a dot plot diagram organized  
by different habitat types and sides of the island. In order to better observe relationships 
between samples, a principal components analysis (PCA) was generated by first filtering out 
rare taxa (all those that did not appear in any sample at more than 8% relative abundance) 
to reduce the influence of rare species. Data were then square root transformed, and a PCA 
generated using the vegan package in R (Oksanen 2018). 
To test the hypothesis that diatom communities significantly differ by habitat, we created  
a redundancy analysis (RDA) on this same dataset, but this time constraining the PCA 
analysis by habitat type. The variables were scaled to a zero mean and variance. To test 
 if diatom communities were different by different sides of the island, we included only pond 
habitats, since other habitat types did not provide adequate replication between island sides 
for evaluation. 
To test for statistical differences in community structure based on categorical variables, such 
as differences in habitat and island aspect, we used permutational multivariate analysis  
of variance PERMANOVA, (Anderson 2001). Significance was designated at α = 0.05,  
and all analyses and figures were generated using R version 3.4.3 (R Core Team 2017). 
RESULTS FROM ANALYSIS OF RECENT MATERIAL 
The aim of this chapter is to study the diversity, ecology, and biogeography of modern 
diatoms between two sides of Vega Island (Maritime Antarctic Region) to evaluate  
any differences in diatom communities as a function of their habitat type and island aspect. 
Specifically, four different habitat types (ponds, streams, seepages, and mosses) were 
sampled on Vega Island from two different localities; Cape Lamb located on the south-west 
(SW) of the island, and Devil’s Bay on the north-east (NE). Due to the naturally low 
abundances of diatoms in some samples, only 72 samples were analyzed in total, and in each 
sample a standard quantity of 400 diatom valves was counted. From Devil’s Bay, 25 pond, 
 4 moss, 11 stream, and 3 seepage samples were successfully analyzed, while from Cape 
Lamb, 15 pond, 12 moss, 1 stream, and 1 seepage samples were examined. In total,  
28,800 valves were counted from all analyzed recent samples. From this survey, a new 
species was furthermore described (Chapter 3).  
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The recent diatom flora of Vega Island revealed a total of 136 diatom taxa (including species, 
varieties, and forms) belonging to 31 genera, and a complete list of observed taxa  
is presented in Appendix 2. The identification and biogeographical distribution of diatom 
taxa was based on the recent Iconographia Diatomologica volume by Zidarova et al. (2016), 
which is specific to the Maritime Antarctic Region.  
Our analyses revealed that 56 % of all observed taxa showed a restricted Antarctic 
distribution with a majority of 44 % confined only to the Maritime Antarctic Region, whereas 
only 19 % have a typical cosmopolitan distribution. The biogeographical distribution  
of the recent diatom flora observed on Vega Island is shown in Figure 2.1. The results also 
reveal that 7 % of the observed species are only in common with the Maritime  
and Continental Antarctic Region (MA/CA), 4 % only for the Maritime and Sub- Antarctic 
Region (MA/SA), and only 1 % of the species is present within the entire Antarctic Region 
(MA/CA/SA). For 28 valves out of 28,800, it was impossible to establish their correct 
taxonomical identity, and therefore their distribution was left unidentified (marked as ‘U’  
in the Appendix 2). 
  
Figure 2.1 Biogeographical distribution of species recovered from modern samples of Vega Island. 
 Legend: MA= Maritime Antarctic Region, MA/CA= Maritime and Continental Antarctic Region,  
MA/SA= Maritime and Sub- Antarctic Region, MA/AM= Maritime Antarctic and South America, SH= Southern 
Hemisphere, CA/MA/AM= Continental and Maritime Antarctic and South America, MA/CA/SA= entire Antarctic 
Region. 
Between the two sides of Vega Island, biogeographic distribution was very similar, as shown 
in Figure 2.2. 53 % of all taxa observed from the north-east side of Vega Island, Devil’s Bay 
(Figure 2.2, A), demonstrated a restricted Antarctic distribution with a majority of 41 % 
restricted only to the Maritime Antarctic Region. 21 % of species are cosmopolitan.  
MA 
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The results also reveal that 8 % of the observed species belong only to the Antarctic 
Continent (MA/CA) and only 4 % are connected with the sub-Antarctic islands (MA/SA).  
Figure 2.2 (B) shows the biogeographic results from the south-west side of Vega Island, Cape 
Lamb. 54 % of all observed taxa show restricted Antarctic distribution with a majority  
of 43 % confined only to the Maritime Antarctic Region, whereas 18 % have a cosmopolitan 
distribution. The results also show that 6 % of the observed species are only in common with 
the Antarctic Continent (MA/CA), 4 % only with the sub-Antarctic islands (MA/SA) and  
1 % of the species are present within the entire Antarctic Region. Therefore, Devil’s Bay flora 
contains slightly more continental genera, whilst Cape Lamb includes more Maritime 
Antarctic genera. 
 
 
Figure 2.2 Biogeographical distribution of species recovered from modern samples of Devil’s Bay (A) and Cape 
Lamb (B), Vega Island. Legend: MA= Maritime Antarctic Region, C= Cosmopolitan, MA/CA= Maritime and 
Continental Antarctic Region, MA/SA= Maritime and Sub- Antarctic Region, MA/AM= Maritime Antarctic and 
South America, SH=Southern Hemisphere, CA/MA/AM= Continental and Maritime Antarctic and South 
America, MA/CA/SA = entire Antarctic Region. 
SPECIES COMPOSITION 
Figure 2.3 presents the most important genera (based on the number of recorded taxa) 
observed in the recent samples from Vega Island. Even though there are differences  
in the composition between the two sides, taxa from Luticola dominate in both. This genus is 
common for Antarctic lakes and soils (Levkov et al. 2013). The genus Psammothidium  
and Pinnularia are more diverse on Cape Lamb than Devil’s Bay, and are abundant mainly  
in semi-aquatic and moss habitats common for sub-Antantartic islands (Krammer 2000;  
Van de Vijver et al. 2002). On the other hand, Psammothidium and Pinnularia are sparser  
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on the Antarctic Continent as their preferred habitats are almost absent there  
(Sabbe et al. 2003). Therefore, the genera composition of Cape Lamb may indicate a greater 
Maritime Antarctic influence in comparison with Devil’s Bay. However, it should be 
mentioned that more semi-aquatic samples were collected from Cape Lamb as stated above. 
Also, in contrast to their Maritime Antarctic position, Psammothidium and Pinnularia were 
previously found to be more diverse on Livingston Island than on James Ross Island 
(Kopalová 2013), which is closer to Vega Island, especially Cape Lamb. 
 
 
Figure 2.3 Rank abundance plot for genera (A) and rank occurrence plots of diatom taxa in 35 samples collected 
from ponds in Cape Lamb (15) and Devil’s Bay (25) (B). Key for diatom species abbreviations can be found in 
Appendix 2. 
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Some important differences can be noted when more rare taxa are taken into account. 
Some species such as Fistulifera pelliculosa (Brébisson) Lange-Bertalot, Nitzchia gracilis 
Hantzsch and Psammothidium germainii (Manguin) Sabbe dominate the flora on Devil’s Bay 
but do not appear among the ten most abundant taxa on Cape Lamb, whereas 
Gomphonema maritimo-antarcticum Van de Vijver, Kopalová, Zidarova & Kociolek, Navicula 
dobrinatemniskovae Zidarova & Van de Vijver and Navicula gregaria Donkin dominate  
the species composition on Cape Lamb. Table 2.1 shows the 10 most abundant diatom taxa 
encountered in all 72 samples, together with the total number of diatom valves per species 
and their corresponding relative abundances.  
 
Diatom taxon 
total number of 
diatoms counted 
total relative 
abundance 
Nitzschia kleinteichiana 5846 20.3% 
Chamaepinnularia krookiformis 2555 8.9% 
Nitzschia paleacea 2468 8.6% 
Nitzschia homburgiensis 2236 7.8% 
Nitzschia annewillemsiana 1186 4.1% 
Fistulifera pelliculosa 1144 4.0% 
Gomphonema maritimo-antarcticum 985 3.4% 
Nitzschia gracilis 913 3.2% 
Navicula romanedwardii 896 3.1% 
Pinnularia australomicrostauron 842 2.9% 
 
Table 2.1 Overview of the 10 most abundant diatom taxa based on whole dataset from Vega Island. 
The most abundant species from our survey was Nitzschia kleinteichiana, representing  
20.30 % of all valves counted, followed by Chamaepinnularia krookiiformis (8.87 %), 
Nitzschia paleacea (8.57 %) and Nitzschia homburgiensis (7.76 %).  
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Devil's Bay Cape Lamb 
 Diatom taxon 
total number 
of valves 
counted 
total relative 
abundance  
total number 
of valves 
counted 
total 
relative 
abundance  
Nitzschia kleinteichiana 4591 26.7% 1255 10.8% 
Nitzschia homburgiensis 1521 8.8% 715 6.2% 
Nitzschia paleacea 1287 7.5% 1181 10.2% 
Fistulifera pelliculosa 1144 6.7% 0 0.0% 
Chamaepinnularia krookiformis 958 5.6% 1597 13.8% 
Nitzschia annewillemsiana 651 3.8% 535 4.6% 
Nitzschia gracilis 623 3.6% 290 2.5% 
Pinnularia australomicrostauron 477 2.8% 365 3.1% 
Psammothidium germainii 477 2.8% 0 0.0% 
Navicula romanedwardii 422 2.5% 474 4.1% 
Gomphonema mar.-antarcticum 307 1.8% 678 5.8% 
Navicula dobrinatemniskovae 0 0.0% 452 3.9% 
Navicula gregaria 28 0.2% 409 3.5% 
 
Table 2.2 Overview of the 10 most abundant diatom taxa for Devil’s Bay and Cape Lamb (top 10 species are 
marked as bold for each locality). 
 
Table 2.2 presents the same data but for each site separately. The ten most common species 
from Cape Lamb accounted for 65.3 % of all counted valves from Cape Lamb dataset, while 
ten most common taxa from Devil’s Bay accounted for 68.8 % of all counted valves from 
Devil’s Bay dataset. The most species-rich genus was Luticola with 23 species, followed  
by Nitzschia with 11 species. 
SPECIES DIVERSITY AND ACCUMULATION CURVES 
To evaluate the extent to which our sampling effort represented the diatom flora  
in the overall dataset and in the different habitats, species accumulation curves (sample-
based rarefaction curves, using vegan R package (Oksanen et al. 2018) were calculated,  
and the results are presented in Figure 2.4. 
Since species discovery will always continue with greater analytical effort, species 
accumulation curves will never be completely flat, and are used here to provide a basis  
of comparison in how thoroughly diversity has been assessed. When all samples were 
combined, the species accumulation curve begins to flatten, indicating that a large 
proportion of the diatom flora was collected. However, when this is broken into individual 
habitat types, it becomes apparent that some habitat types were sampled more completely 
than others. For example, for seepage and stream habitats, it is obvious that not enough 
samples were collected to make robust conclusions based on richness and diversity. 
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Figure 2.4 Expected species accumulation curves (sample based rarefaction curves) for: total sample set (A), 
ponds (B), mosses (C), streams (D), seepages (E). Shaded areas indicate the 95% confidence intervals. 
 
With the results of the species accumulation curves in mind, diversity was variable between 
and amongst different habitat types on Vega Island. The number of genera ranged from 2  
to 18, with a median value of 9. The highest genera richness was recorded 
 in the sample L_NE_2 and lowest genera richness was found in the sample ST_NE_48.  
The ten most important genera accounted for 89.4 % of all counted valves. 
 
Figure 2.5 Distribution of species richness per sample.  
 
Species richness per sample ranged from 4 to 45 (Figure. 2.5). The highest species richness 
was recorded in the sample L_NE_2 and lowest species richness was found in sample 
M_NE_55. The average number of diatom taxa encountered in a sample for both islands 
together was 17.8. The distribution of species richness per sample clearly differs between 
both islands. The average number of taxa per sample on Cape Lamb was 20.0, whereas  
on Devil’s Bay it was 15.0. The highest numbers of taxa were observed in pond samples  
from Cape Lamb. In contrast, the lowest species richness was found in stream samples  
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on Cape Lamb and seepages from Devil’s Bay, which can probably be explained  
by the unstable nature of these habitat types.  
Comparing richness and Shannon diversity between the two sites across all the habitat types 
revealed significant differences (p = 0.007 and p = 0.003, respectively) when using Tukey HSD 
test. It is visually summarized in Figure 2.7. Devil’s Bay exhibits lower species richness  
and diversity index. Evenness values follow the same trend and they are higher  
for Cape Lamb. 
 
 
Photo 2.1 Lake Esmeralda, Cape Lamb. Photo credit: Kateřina Kopalová 
COMPARISON OF COMMUNITY STRUCTURE  
Raw relative abundance data were visualized with a dot plot diagram organized by different 
habitat types and sides of the island (Figure 2.6). From this, it is clear that some diatom 
species tolerate a broad range of habitat characteristics whereas others show more 
restricted habitat preferences.  
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Figure 2.6 Dot plot representation of relative abundance counts averaged by sample. Site codes are on the x-
axis, and species names are on the y-axis. The size of a dot is proportional to the average relative abundance  
of a particular species in a given sample. Only diatoms with relative abundances greater than 1 % are plotted. 
Pond habitats are indicated by blue circles, moss habitats by green diamonds, seepages by black squares, and 
streams by red triangles. Symbols for north sites are filled, and south sites are represented by outlines only.  
Key for species abbreviations are available in Appendix 2, and site names in Appendix 1. 
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Stream habitats are dominated by Nitzschia kleinteichiana (38.00 %), Fistulifera pelliculosa 
(23.83 %), and Nitzschia species in the Maritime Antarctic Nitzschia homburgiensis (11.10 %) 
and moss vegetation are characterized mainly Chamaepinnularia krookiformis (23.69 %), 
Nitzschia kleinteichiana (10.63 %), and Humidophila vojtajarosikii (7.11 %).  
Pond habitats are dominated by Nitzschia species: Nitzschia kleinteichiana (17.83 %), 
Nitzschia paleacea (14.55 %) and Nitzschia homburgiensis (9.41 %). Given separately Cape 
Lamb ponds largely represent Nitzschia paleacea (18.43 %), Gomphonema maritimo-
antarcticum (10.55 %), Nitzschia kleinteichiana (10.30 %), Nitzschia annewillemsiana  
(8.38 %) and another rather common Maritime Antarctic species Psammothidium papilio 
(7.38 %) whereas Devil's Bay ponds are dominated by Nitzschia kleinteichiana (20.99 %), 
Nitzschia paleacea (12.20 %) and Nitzschia homburgiensis (9.85 %). Differences in habitat 
type composition were significant when tested with PERMANOVA (P > 0.001)  
(Pseudo-F = 2.2754, 999 permutations). 
 
 
Figure 2.7 Boxplots of species richness (A), Shannon diversity (B), and evenness (C) calculated by island aspect. 
Pond habitats are indicated by blue circles, moss habitats by green diamonds, seepages by black squares, and 
streams by red triangles. Symbols for north sites are filled, and south sites are represented by outlines only. 
Box bottoms and tops represent first and third quartiles and thick black lines represent median values. 
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For all recent samples taken together, Shannon diversity fluctuated between 3.09 and 0.21, 
with an average value of 1.60 and evenness ranged from 0.14 to 0.46 with an average of 
0.28. Species richness in the samples varied between 5 and 45 (median = 18.5) for the pond 
samples, from 5 to 26 for the stream samples (median = 12), and from 4 to 27 for moss 
samples (median = 17.2).  
When the NE side was analyzed alone, evenness values ranged from 0.17 to 0.43, with  
an average of 0.28. Species richness per sample ranged from 4 to 45, with an average  
of 14.65. Shannon diversity calculated for the NE ranged from 0.21 to 3.09, with an average 
of 1.41. When the SW side was considered alone, evenness values ranged from 0.14 to 0.46 
with average 0.28, richness ranged from 5 to 38 with average 19.97 and Shannon ranged 
from 0.51 to 2.67 with average 1.89. Richness and evenness were not statistically different 
between sample types when using Tukey’s Honest Significant Differences test. Shannon 
diversity index was statistically lower in streams compared with ponds (TukeyHSD, p = 0.010) 
and mosses (p = 0.013). Given separately for each habitat, ponds and mosses show  
the highest richness, diversity and evenness values (Figure 2.8) 
 
 
Figure 2.8 Boxplots of species richness (A), Shannon diversity (B), and evenness (C) calculated by habitat type. 
Pond habitats are indicated by blue circles, moss habitats by green diamonds, seepages by black squares, and 
streams by red triangles. Symbols for north sites are filled, and south sites are represented by outlines only. 
Box bottoms and tops represent first and third quartiles and thick black lines represent median values.  
42 
 
A Principal Component Analysis (PCA) based on species composition was performed  
to better observe relationships between habitat and sites, and the results are summarized  
in the ordination diagram in Figure 2.9. The first two axes explain 17.8 % of the total 
variation in community composition. The y-axis alone explained 10.1 %, and was driven  
by pond samples to the right and moss samples to the left. The x-axis alone explains 7.7 % 
and was primarily driven by the stream samples to the bottom. It is clear that  
the communities of both sides have large overlap. Nonetheless, when tested with 
PERMANOVA, the differences between sides are significant (P > 0.049) (Pseudo-F = 1.8454). 
Nitzschia kleinteichiana seems to be influencing streams and ponds from Devil’s Bay, 
whereas moss samples are influenced by Navicula romanedwardii, Chamaepinnularia 
krookiformis and Hantzschia amphioxys f. muelleri. South moss and ponds are separated 
more clearly than the rest of the habitats. 
 
 
Figure 2.9 Principle components analysis (PCA) of the recent diatom community dataset from Vega Island. 
Diatoms with relative abundances greater than 8 % are plotted.  Pond habitats are indicated by blue circles, 
moss habitats by green diamonds, seepages by black squares, and streams by red triangles. Symbols for north 
sites are filled, and south sites are represented by outlines only. Diatom codes are superimposed onto figure 
(key for species abbreviations are available in Appendix 2).  
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An RDA was also created to test the influence of north versus south sides of the island 
 on pond communities alone (given that the differences in sampled habitats can skew  
the results, this makes the analyses more comparable). The results of RDA are summarized 
in the ordination diagram in Figure 2.10, and it explained 44.8 % of the total variation  
in community composition. Nitzschia kleinteichiana and Nitzschia paleacea are among  
the main factors pulling symbols to the bottom, whereas Nitzschia homburgiensis pulls 
symbols up. Navicula gregaria, Navicula dobrinatemniskovae, and Gomphonema maritimo-
antarcticum seems to influence the SW side by pulling symbols to the right side of the graph. 
While tested with PERMANOVA, the differences of pond diatom communities between sides 
are significant (P > 0.005) (Pseudo-F = 2.8653). 
 
 
 
Figure 2.10 Redundancy analysis (RDA) of diatom communities from pond habitats only. Data are constrained 
by island aspect (SW/Cape Lamb versus NE/Devil’s Bay). Symbols for north site ponds are filled blue circles and 
south ponds are represented by outlined blue circles. Diatom species names are superimposed, with a key 
 for abbreviations found in Appendix 2.  Only species with relative abundance < 8 % were taken to this analysis. 
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CONCLUSIONS 
This chapter focused on the ecological characterization of ponds, streams, seepages, and 
mosses inhabiting diatom communities from two opposite sides of Vega Island (James Ross 
Islands) located in the Antarctic Peninsula Region. 
Main results: 
 In total, 72 samples were analyzed and 136 diatom species were identified. 
 Unique diatom communities were found for each habitat type investigated on Vega 
Island (ponds, streams, mosses, and seepages), with important differences between 
the north and south sides.  
o Diatoms from moss and pond habitats showed the greatest richness and 
diversity. 
o Pond habitats were compared from the two sides of the island (Cape Lamb, 
Devil’s Bay) and were found to be significantly different in structure. 
o The Cape Lamb diatom flora is more diverse and species rich than Devil’s Bay, 
despite having less representation from streams and seepages compared to 
Devil’s Bay. 
 A new species was described from a Devil’s Bay moss sample belonging to the genus 
Hantzschia.  
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Abstract 
To understand the complexity of the climate patterns in the Holocene, it is necessary  
to build detailed chronologies that provide a holistic picture of the individual climate periods 
occurring in the Polar Regions. In this regard, here we present a completely new, 14C-dated and 
synchronised multi-proxy chronology from the Lake Anónima (Vega Island,  
north-eastern Antarctic Peninsula) that provides a unique insight into the Late Holocene 
environment. In particular, we aim to interpret the substantial environmental and climatic change 
between the mid-late Holocene Hypsithermal and Neoglacial periods using various geochemical 
(total organic carbon, X-ray fluorescence spectroscopy), petrophysical (magnetic susceptibility, laser 
granulometry) and biological (diatom biostratigraphy) proxies. The termination of the mid-late 
Holocene Hypsithermal, characterised by overall warmer climate with favourable conditions for 
biogenic productivity, is followed by the regional-scale Neoglacial period, distinctive by the onset of 
climate deterioration, decreased siliciclastic input, suppressed biogenic (diatom) productivity and 
low organic content. Based on a principal component analysis, a multi-proxy record provides the 
precise timing  
of the Neoglacial onset in the Lake Anónima record at 2100 (2σ: 2040–2180) cal. yrs b2k. Applying 
an adjacent and correlative ice-core (James Ross Island ice cap, r = 0.42),  
as well as a composite lake sediment (Beak Island, r = 0.49) chronologies, our research provides a 
refined timing of the Neoglacial onset for the north-eastern Antarctic Peninsula, which is 
determined to be 2120 ± 50 yrs. b2k. Moreover, the Neoglacial onset was compared with other 
studies from respective parts of the Antarctic Peninsula. 
Keywords: Antarctic Peninsula, James Ross Archipelago, multi-proxy, lake record, mid-late 
Holocene hypsithermal, Neoglacial  
93 
 
Introduction 
As the largest ice-free area (~20 %) of the Antarctic Peninsula (AP; Pritchard & Vaughan 2007) 
together with numerous lakes that were created in the James Ross Archipelago (JRA) as a result of 
the Late Glacial and Holocene deglaciation (Johnson et al. 2011; Nývlt et al. 2014), the region of the 
north-eastern AP represents an excellent area for palaeolimnological research. Numerous have 
focused on recent changes in the AP climate, such as the disintegration of ice shelves  
(e.g., Cook et al. 2005; Scambos et al. 2009),the retreat of local glaciers (e.g., Engel et al. 2012),  
a rapid increase in air surface temperature in the AP over the past 40 years (e.g. Smith 2002; 
Vaughan et al. 2003), an acceleration in the duration of the summer season (Vaughan 2006; 
Hrbáček et al. in press) and recent changes in the biodiversity of polar lakes (e.g., Quayle et al. 
2002; Smol & Douglas et al. 2007). Such a variety of topics is a result of the AP’s uniqueness in  
the context of its geological and glaciological history, diversity in ecosystem types and 
biogeographical conditions (Øvstedal & Lewis-Smith 2001) as well as climate variability. With 
respect to the latter, the climate in the AP region was generally unstable over the entire Holocene, 
as evidenced by the presence of the mid-late Holocene hypsithermal and the following 
Neoglaciation (e.g. Ingólfsson et al. 1998; Jones et al. 2000; Bentley et al. 2009; Hall 2009). These 
observations relied on palaeolimnological methods, indicating that the Polar lakes represent 
sensitive and useful indicators of climatic changes, although the causes and impacts on ecosystems, 
especially under diverse physical-geographical setting, remain poorly understood.  
 
Using a multi-proxy approach, we focus in this paper on an examination and description  
of the last significant environmental change of the Late Holocene that was recorded  
in Lake Anónima (LA) and that frequently occurs in the AP records as reported by several authors 
from ice-core (Mulvaney et al. 2012), lacustrine (e.g. Björck et al. 1996a,  
Jones et al. 2000; Sterken et al. 2012; Hodgson et al. 2013) and marine  
(e.g. Brachfeld et al. 2003; Michalchuk et al. 2009; Milliken et al. 2009; Barnard et al. 2014; Christ et 
al. 2015; Minzoni et al. 2015; Kyrmanidou et al. 2018) records. 
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Site location and regional setting 
Lake Anónima (63°49'20"S, 57°19'30"W; 24 m a.s.l.) is located in the northern part of Vega Island 
(Figure 5.1B), ~28 km east of the Czech Mendel Polar Station and ~17 km north-east  
of the Terrapin Hill on JRI. The lake is almost circular, ~60 m long and ~40 m wide with a total 
surface area of ~2000 m2. Bathymetry that was performed by Argentinian colleagues  
(see further info in Chaparro et al. 2017) during the Argentinian-Czech expedition 2012/13 
indicated that it is a shallow lake with two subbasins with a maximum depths of 4.1 m (NE) and 4.6 
m (SW) respectively, separated by a shallow ridge. Depth at core retrieval locality was 3.8 m with a 
lake floor being slightly sloped.  
 
Figure 5.1 (A) Antarctic Peninsula. (B) James Ross Archipelago and locations of data (red dot) used  
in the synthesis – Mount Haddington’s δD ice-core record (Mulvaney et al. 2012), BK1 lake’s composite record (Sterken 
et al. 2012).  
The LA (Figure 5.2) is situated in a till plain (proglacial zone) of the local glacier  
Bahía del Diablo (Figure 5.2; Marinsek & Ermolin 2015). Local bedrock is composed  
of Cretaceous sediments of the Marambio Group, whereas the surrounding area is composed of 
elevated volcanic mesas formed by Neogene back-arc volcanic rocks (basalt, hyaloclastite breccia) 
of the James Ross Island Volcanic Group (JRIVG; Smellie et al. 2008, 2013). The Cretaceous strata of 
Vega Island consists of fossiliferous marine mudstones, sandstones and conglomerates of the Santa 
Marta, Snow Hill Island and López de Bertodano formations (Roberts et al. 2014). The proglacial 
valley floor is filled mainly with Holocene till with predominant local volcanic rocks and in a smaller 
proportion with Cretaceous sediments (Zale & Karlén 1989). Along the northern coast of Bahía del 
Diablo, deltaic and marine deposits produced by marine transgressions after the early Holocene 
deglaciation are interbedded with till. However, marine processes failed to reach  
the area of LA (Figure 5.2) and had no direct effect on its origin and subsequent development. On 
the contrary, in the southern part of the valley, tills were partially reworked and are covered by 
glaciofluvial sediment (Ermolin et al. 2002), which directly underlain the lake.  
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Figure 5.2 The geomorphological setting in the proglacial zone of the glacier Bahía del Diablo, Vega Island. 
 The climate in the JRA is semi-arid, Polar-continental, influenced by an orographic barrier of the 
Trinity Peninsula Mountains (Davies et al. 2013). The mean annual air temperature at  
the Czech Mendel Polar Station (see Figure 5.1 for location) was −7.0 °C (period 2006–2015; 
Hrbáček et al. 2017) with annual snowfall 300–500 mm.yr−1 w.e. (Van Lipzig et al. 2004).  
The lake collects surface runoff and is simultaneously connected to a water input from streams and 
snowmelt with a sediment load that has formed a small delta on the south-western coast of the 
lake (Chaparro et al. 2017). Despite this, the lake basin is considered to be endorheic (Chaparro et 
al. 2017), the ice in the till plain damming the lake melts seasonally causing fluctuations in the 
water level (~1 m), as well as an underground drainage into surface streams and the nearby lake 
systems. Thus, the lake could be regarded as through-flow. Winter (June – August) season snow 
accumulation onto the lake’s surface results in its melting and active permafrost layer thawing 
during the summer (December – February) season (Chaparro et al. 2017). 
 
The flora of the area is composed mainly of bryophytes and lichens, and their distribution is limited 
due to the deficiency in liquid water (Robinson et al. 2003), which results in flora coverage near the 
lakes or along the (seasonally active) streams only. In contrast,  
the micro-flora, mostly composed of cyanobacteria, green algae and diatoms, is well developed in 
freshwater ecosystems such as seepages, lakes, and streams, which are usually supplied by 
meltwater from thawing glaciers and snowfields (Engel et al. 2012). Even though the invertebrate 
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fauna has been poorly studied, both Boeckella poppei (Mrazek) and Branchinecta gainii (Daday) are 
present in the lakes of the area (Nedbalová et al. 2017). The nearest penguin colony is located on 
nearby Devil's Island. Additionally, flying seabirds frequently visit the island. The human influence is 
limited to only occasional summer campaigns. 
 
Methods 
Coring and sub-sampling 
The coring was undertaken during the Antarctic summer season 2012/13 (11 February 2013) by an 
Argentinian-Czech expedition. The 69-cm long sediment core was extracted from LA (referred to as 
AN13) using a manual Russian chamber corer, which allows for obtaining semi-cylindrical cores of 7 
cm in diameter and 1 m in length. The core was wrapped (potential moisture contamination and 
microbial overgrowth) in a plastic tube and stored after transport at standard room temperature 
for two and half years. Before analysis, the sediment was photographed at high-resolution, sliced in 
1-cm intervals and stored at room temperature. The destructiveness of  
a method determined the order of the implemented analyses. Since the Russian Corer is considered 
capable of collecting sediment without vertical compaction, the compaction effect uncertainty was 
not considered. 
 
Geochronology 
Radiocarbon (14C) dating of five selected samples (Table 5.1; terrestrial macrofossils or,  
in the absence thereof, bulk sample) was performed at Poznań Radiocarbon Laboratory  
by means of AMS. Calibrated ages (SHCal13; Hogg et al. 2013) are presented on the b2k time-scale, 
and the negative 14C ages are being calibrated by the post-bomb curve (SH Zone 1–2; Hua et al. 
2013). The age-depth modeling was processed in the R-code package Clam ver. 2.2 (Blaauw et al. 
2010) within 95% confidence ranges, using a linear interpolation method with 10,000 iterations. 
Calibrated best-age was determined using a weighted average of the age-depth model derived 
ages. Mid-point calculation for the best-age as well as 95% confidence ranges was processed 
directly in R code. Sedimentation rate for each centimetre (yr.cm−1) and year (mm.yr−1) was 
calculated, and, due to linear time-scale usage, some depth values of corresponding ages were 
recalculated to obtain more realistic simulation.     
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Physical proxies 
Determination of magnetic susceptibility (κ) was performed using AGICO MFK1-FB in three 
measuring frequencies (976, 3904 and 15616 Hz) with 200 mA.m−1 magnetic field. Predefined 
sample volume (10 cm3) was used for mass κ (χ) calculation according to Evans & Heller (2003), with 
H2O diamagnetism and paramagnetism neglection due to comparatively stable water content 
throughout a core (samples measured in original conditions). Frequency-dependent susceptibility 
(χFD) was estimated according to Dearing et al. (1996). Grain-size measures were obtained via CILAS 
Particle Size Analyser 1190L after sample homogenization in 10% KOH (biogenic silica) and 30% 
H2O2 (organic matter; Vaasma, 2008). Volumetric grain-size parametres (mean grain-size – MGS, 
clay, silt and sand content, sorting, skewness) were calculated from the raw grain-size data (range 
0.04–2500 µm) in the GRADISTAT software, v 8.0 (Blott & Pye 2001), and are presented in graphical 
method (µm) of Folk & Ward (1957).  
 
Geochemistry 
The elemental analysis was conducted using the Innov-X DELTA PREMIUM hand analyser with H2O 
affect as well as plastic batch composition neglection. Averaged data of the three measurements in 
Soil Geochem/Vanad mode are presented in parts per million (ppm) ratios. Total carbon (TC), total 
in-/organic carbon (TIC, TOC) and total sulphur (TS) determination was performed using ELTRA 
Metalyt-CS-1000S analyser. TC and TS contents of homogenised samples were measured using 
thermal combustion (1350 °C) and infrared detection. TOC was calculated by subtracting TIC (CO2 
released after H3PO4 combustion) from TC. 
 
Diatoms 
Diatom samples were oven-dried (24 h, 50 °C) and only sub-sampled 1 g of dry sediment was later 
used for further homogenization according to van der Werff (1955). Samples were cleaned by 
adding 37% H2O2 (80 °C heating for one hour), followed by KMnO4 addition. After digestion and 
centrifugation (3 × 10 minutes at 3700 × g−1), the material was diluted with distilled water (volume 
unification and avoiding valve’s excessive concentrations). Then 50 μl of each sample was mixed 
with 50 μl of sonicated (10 min) microsphere solution (6792.4 MS/μl) and 400 μl distilled water and 
mounted in Naphrax®. In each second sampled layer exactly 400 valves (due to low abundance only 
50 valves in layers 33–51) were enumerated on random transects at 1,000 × magnification under oil 
immersion using an Olympus BX43 microscope, equipped with Nomarski Differential Interference 
Contrast (Nomarski) optics and the Olympus DP27 camera using the cellSence Entry Imaging 
Software. Terminology is based mainly on Hendey (1964), Ross et al. (1979) and Round et al. (1990). 
For taxonomical identification Iconographia Diatomologica vol. 24 (Zidarova et al. 2016) was used. 
For several species, identification up to species level was not possible due to their unclear 
taxonomic situation. 
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Data analyses 
The suitability of the correlation matrix was tested using the Kaiser-Meyer-Olkin test. Forcing 
patterns in the data were analysed by applying principal component analysis (PCA). Minimum data 
contribution in each variable was designated to 80 % except all diatom data (contribution ~50 %). 
Due to time-consuming diatom biostratigraphy analysis, only every 2nd, or 3rd sample, respectively, 
was pre-treated and subsequently analysed. These have been further taken into consideration 
throughout the PCA interpretation. Via biostratigraphy, a number of valves per gram of sediment  – 
relative abundance (% of total diatom valves per sample), species richness, Shannon diversity 
(Shannon & Weaver 1949) and evenness (Pielou 1966) were calculated. Significant clusters were 
identified and divided using stratigraphically constrained cluster analysis (CONISS) with the 
significant division based on comparing a CONISS distance matrix with a random model based on 
broken stick model (Bennett 1996) using the rioja package in R (Juggins 2009). Delivered 
correlations (r) were calculated from measured data and were significant at the 0.01 level (p) unless 
stated otherwise. Compared variables (10-yr (°C) anomalies from Mt. Haddington ice-core  
(Mulvaney et al. 2012) – interval value equals to mid-interval; Loss on ignition 550 °C (LOI, %) and χ 
(10−5 kg−1.m3) from the Lake BK1 (Sterken et al. 2012) located on Beak Island) were first 
interpolated to equal age of the proxies and splined (5-step simple moving average – SMA) to a 
smooth high-frequency signal. Spline data were further used for statistics, and all presented graphs 
were produced in Grapher v. 11. 
 
Results 
Lithology and age-depth model 
The lithological profile (Figure 5.3) lacks annual lamination or visible stratification. For  
an age-depth model of deposition in LA, five radiocarbon ages were obtained from the core (Table 
5.1), although the fifth and concurrently nethermost sample (66–67 cm) revealed a significantly 
underestimated radiocarbon age. Due to the reversal age of the lowermost sample, only the first 
four radiocarbon ages, revealing a proper chronostratigraphic sequence (goodness-of-fit 4.96), 
were included into the calculation of age-depth model (Figure 3) with a base onset at 2440 cal. yrs 
b2k. Besides, the lowermost sample contains the lowest carbon amount and we thus consider it as 
less reliable than the other above-lying samples. Table 1 shows, that the topmost part (5.5–0 cm) 
accumulated after AD 1950 hence post-bomb 14C age, where the amount of nuclide is 
conventionally expressed as pMC entailing “percentage of modern carbon” – normalised to 100 % 
(Reimer et al. 2004). Short-lived isotopes (137Cs, 210Pb) dating proved shallow specific activities 
(Bq/g) in the samples. Thus relationship purification between age and depth within recent decades 
was not possible. 
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Sample Lab code Depth (cm) Material mg C
a
 
14
C years BP Min.–Max. 
cal. yrs b2k 
(±2σ) 
AN13_5-6 Poz-85803 5 – 6 lacustrine moss 0.09 100.99 ± 0.39 
pMC 
43 – 44 
AN13_16-17 Poz-89401 16 – 17 lacustrine mud – 555 ± 30 554 – 604 
AN13_28-29 Poz-89403 28 – 29 lacustrine mud – 1650 ± 30 1468 – 1615 
AN13_54-55 Poz-89402 54 – 55 lacustrine mud – 2130 ± 30 1991 – 2204 
AN13_66-67 Poz-89404 66 – 67 lacustrine mud 0.06 1260 ± 80 – 
 
Table 5.1 Radiocarbon ages of dated samples from the Lake Anónima. 
a
 milligrams of C in the analysed sample, where 
the amount of C was < 0.1 mg 
 
 
 
Figure 5.3 Best estimate age-depth model (blackish middle line) with 2σ uncertainty envelope (95 % confidence 
interval) based on four 
14
C ages derived from the core. The lowermost reversal 
14
C age is not included in the age-depth 
model calculation. Supplemented by probability distribution curves of calibrated ages, sedimentation rate (mm.yr
−1
), 
low-field χ (976 Hz) and diatom biozonation (model of Bennett 1966). 
Physical proxies 
Figure 5.4 depicts the χ values that are rather low throughout the core (Figure 5.4; within range of 
10−9 m3.kg−1) showing a limited influence of ferri- and ferromagnetic particles and  
a dominance of diamagnetic and paramagnetic matter. A comparatively variable sedimentation 
rate (0.13–0.97 mm.yr−1) is result of variable clastic input.  
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The lowest section (2440–2100 cal. yrs b2k), characterized by a low χ (varying around ~3.10−9 
m3.kg−1), increased χFD (~5 %), and enhanced MGS (~12.8 µm) correlating (r = 0.93) with higher sand 
(increase up to 13 %) and lower clay fraction (decrease down to 12 %), is typical by reversed values 
in comparison to the middle section, whose maximum age is 2100 cal. yrs b2k. The pre-2100 cal. yrs 
b2k period is also characterized by sediments that are poorly sorted and indicate a relatively higher 
sedimentation rate (0.45 mm.yr−1). The 2100 cal. yrs b2k onset demonstrates a rapid increase of χ 
(~13.10−9 m3.kg−1) with subsequent continual decrease starting at 1400 cal. yrs b2k and ceasing at 
550 cal. yrs b2k (~8.10−9 m3.kg−1). Significant change is marked as well by χFD, MGS and sand content 
decrease (to ~3.5 %, 5.5 µm, 0.03 %), and transition to changes in sorting in each 5–7 cm interval 
from moderately sorted to poorly sorted and conversely, respectively. Sedimentation rate 
decreased within the middle section (since 1560 cal. yrs b2k) down to ~0.17 mm.yr−1. During the 
last 2000 cal. yrs b2k, the χFD continually increases up to 5 %, which is supplemented by  
χ variation (~8–10.10−9 m3.kg−1) in the last 550 cal. yrs b2k. In the recent 50 cal. yrs b2k there is an 
increase in sand content (~5 %), as well as in MGS (~10 %), and the sedimentation rate rises to 0.97 
mm.yr−1, which might correspond with smaller compaction of the uppermost part of the core. 
 
Figure 5.4 Physical proxies (left to right): mass magnetic susceptibility χ (10
−9
 kg
−1
.m
3
), frequency-dependent magnetic 
susceptibility χFD (%), grain-size fractions (%), mean grain size MGS (µm), sorting degree, skewness and sedimentation 
rate (mm.yr
−1
) plotted against b2k time-scale.   
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Geochemistry 
While no inorganic carbon was detected in the entire core, TOC and TS values correlate (Figure 5.5), 
with their highest relative values (maximum TOC 5.1 % and TS 0.2 %) in the  
pre-2100 cal. yrs b2k period. Fe/Mn, Si/Ti and Zr/Ti show the higher values (~90.73, ~11.27, ~0.03) 
within this time interval as well, while Al/Si, Fe, Ca and Mn yielded – in comparison to post-2100 
cal. yrs b2k – low (0.17; 21,234 ppm; 15,468 ppm; 248 ppm) values. Concerning distinguishing the 
primary processes, material sources in the catchment area and heterogeneity and variable water 
influence in the core, we rely on ratios over ppm content of individual elements. The subsequent 
period since 2100 cal. yrs b2k is the complete opposite, meaning almost completely reduced TOC 
and TS. The organic matter increases in the 1250–250 cal. yrs b2k period, where TOC oscillates 
roughly around ~1%. Fe/Mn, Si/Ti and Zr/Ti reveal shift to low values (~60.72, ~6.36, ~0.02), 
whereas Al/Si, Fe, Ca and Mn show increased values (0.27; 44,632 ppm; 37,798 ppm; 741 ppm). 
Fluctuations linkage with subsequent inorganic proxies is best expressed with light elements (LE) 
content (r = 0.90) and Rb/Sr (r = 0.87) plus Fe/Mn (r = 0.86) ratios. The direct relationship between 
the latter two is also apparent (r = 0.89), whereas biogenic silica (BSi) presence, expressed 
circuitously by Si/Ti ratio, corresponds with TOC (r = 0.81) as well. Grain-size Zr/Ti and Al/Si proxies 
also bear coherence (r = −0.86) establishing these two ratios as a stable proxy for grain-size 
distribution.  
 
 
Figure 5.5 Geochemical proxies (left to right): total organic carbon TOC (%), Rb/Sr, Fe/Mn, Si/Ti, Zr/Ti and Al/Si ratios, Si, 
Fe, Ca, Al, Ti and Mn contents (ppm).  
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Diatom biostratigraphy 
The complete diatom flora includes a total of 80 species belonging to 26 genera  
(Figure 5.6a). CONISS clustering splits the core into six diatom zones (from now on  
a “biozone”), four of which (biozones 1–4) are statistically significant based on the broken stick 
model (Bennett 1996). Subdivisions within biozone 3 are not statistically significant, but they are 
retained due to their correspondence with changeable TOC within biozone 3. 
Richness (Figure 5.6b) increases overall from biozone 1 and 2 to the peak in biozone 4. Shannon 
diversity (Figure 5.6b) is more stable with the lowest values in biozone 1  
(1.36–2.49) and the highest in biozone 4 (maximum 2.89). Evenness (Figure 5.6b) reveals  
a more fluctuating pattern with the highest value in biozone 2, where it reaches its maximum of 
0.93. The diatom community is dominated by the genus Nitzschia (average share ~41 %), and the 
abundances are relatively uniform. The next most abundant taxon is Planothidium 
rostrolanceolatum, which occurs in share up to ~41 % in zone 3. All other taxa contribute by smaller 
proportions and are more variable. 
The genus Nitzschia dominates biozone 1 (2440–2050 cal. yrs b2k) (46–67 %), followed by 
Achnanthidium australexiguum (4–22 %), Sellaphora antarctica (4–16 %), Stauroneis delicata (0.2–
10 %, being mostly present only in biozone 1 and subzone 3c), and Gomphonema maritimo-
antarcticum (0.7–11 %). Brachysira minor, the most abundant species in  
the biozone 2, is almost lacking from biozone 1. TOC reaches its peak together with the diatom 
highest abundance (Figure 5.6b; 604 × 104 valves.g−1 of dry sediment) in biozone 1. 
Biozone 2 (2050–1520 cal. yrs b2k) is scarce (10 × 104), meaning limited specimens were counted 
(up to 50 instead of 400) and subsequently there may be artificial reduction of  
the calculated richness or/and increase of Evenness. The diatom communities mainly present 
(semi-)terrestrial diatom species such as Hantzschia amphioxys, showing abundance within a range 
of 0.5–10 %, Luticola muticopsis (0.5–18 % appearing only in the biozone 2), the genus 
Humidophila. Sellaphora gracillima is absent in most of biozone 2. The genus Nitzschia still 
dominates the community, but within this genus N. homburgiensis comprises up to 18 % of the 
community, in contrast to the rest of the core where it is present in very low abundances. 
Biozone 3 (1520–220 cal. yrs b2k), subdivided into three sub-zones  
(3a: 1520–980 cal. yrs b2k, 3b: 980–460 cal. yrs b2k and 3c: 460–220 cal. yrs b2k), is characterised 
by co-dominance of Planothidium rostrolanceolatum and the genus Nitzschia, with Planothidium 
rostrolanceolatum showing the highest abundance in sub-zone 3c (14–32 %). Achnanthidium 
australeexiguum, present in sizable amounts throughout the core is almost absent in zone 3a. The 
characteristic feature of biozone 4 (220 cal. yrs b2k – recent) is the decrease in abundance of 
Planothidium rostrolanceolatum and the increase of Sellaphora gracillima. Humidophila keiliorum 
re-appears after its near absence in biozone 3. In biozones 3 and 4, productivity is intermediate and 
variable ranging 20 × 104 – 210 × 104 valves.g−1. 
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Figure 5.6 (a) Diatom stratigraphy of the Lake Anónima plotted against b2k time-scale supplemented by TOC (to the 
left). Zonation of the core is based on a CONISS analysis of the diatom species composition and significant (p = 0.05) 
group divisions are marked with red lines. Depicted are only diatom species with a relative abundance >8 %. (b) 
Diatom’s indices – Species richness (number of taxa in the sample), Valve abundance (diatom valves per 1 gram of dry 
sediment), Shannon diversity (diversity of a population in which each member belongs to a unique group/species), 
Evenness (homogeneity of the species). (c) List of stated taxa and abbreviations (LM micrographs taken from Zidarova 
et al. 2016): 
(1)
 Achnanthidium australexiguum (AchAus), 
(2)
 Brachysira minor (BraMin), 
(3)
 Gomphonema maritimo-
antarcticum (GomAnt), 
(4)
 Hantzschia amphioxys f. muelleri (HanAmx), 
(5)
 Humidophila keiliorum (HumKei), 
(6)
 
Chamaepinnularia australomediocris (ChaAus), 
(7)
 Luticola muticopsis (LutMut), 
(8)
 Nitzschia annewillemsiana (NitAnw), 
(9)
 Nitzschia homburgiensis (NitHom), 
(10)
 Nitzschia kleinteichiana (NitKle), 
(11)
 Nitzschia soratensis (NitSor), 
(12)
 Nitzschia 
velazqueziana (NitVal), 
(13)
 Planothidium frequentissimum (PlaFre), 
(14)
 Planothidium lanceolatum (PlaRln), 
(15)
 Sellaphora 
antarctica (SelAnt), 
(16)
 Sellaphora gracillima (SelGra), 
(17)
 Stauroneis delicata (StaDel). Black scale bar above LM’s 
represents 10 μm.  
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PCA 
The principal component analysis (Figure 5.7) yields 72.42 % of the total explained variability (KMO 
value 0.79 – “middling” sample adequacy) and shows that variability throughout  
the core is driven primarily by PC1, with 53.28 % of explained variance. It bears a strong positive 
correlation with organic matter constituted by LE (r 0.97) and TOC (r 0.93). As well Rb/Sr (r = 0.91), 
Fe/Mn (r = 0.90), Zr/Ti (r = 0.84) and Si/Ti (BSi r = 0.80) elemental ratios have a substantial positive 
relationship, while binding between petrophysical proxies and PC1 is still important, but less 
intense (sand r = 0.79, χFD r = 0.58). An indirect link of PC1 is visible with a few elements (Fe, Ca, Sr, 
Zn r = −0.97; Ti r = −0.86; Al r = −0.79), as well as with elemental ratios Al/Si (r = −0.94) and 
petrophysical proxies (clay r = −0.65, χ976Hz r = −0.95). Unlike the PC1, subsequent PC2 explains less 
(12.64 %) of the variability. It associates mainly with diatom assemblages (Sellaphora antarctica r = 
0.63, Sellaphora gracillima r = 0.56, Brachysira minor r = 0.54), and diatom indices (Shannon, 
Evenness r = 0.95; richness  
r = 0.89), however, productivity has a smaller correlation coefficient with both components (PC1 r = 
0.54, PC2 r = 0.49). 
 
 
 
Figure 5.7 Two-dimensional biplot diagramming PC1 (53.28 %) against PC2 (12.64 %) along with all abiotic and selected 
biotic variables being colourised by data group. The number in brackets for the diatom name constitutes for which 
biozone the diatom species is ecologically representative. Note space distortion due to PC2 axis adjusted range.  
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Discussion 
According to our age-depth model, the LA record extends over the last ~2450 years (sediment base 
2440 cal. yrs b2k), thus spanning the environmental and climatic history of  
a significant part of the Late Holocene. Although the lowermost sample (66–67) yielded  
a very young age (1260 ± 80 14C yrs BP) that has been excluded out of the age-depth model, authors 
decided to do so because (a) sample has a very low concentration of carbon isotope, (b) sample is 
out of the chronostratigraphic sequence relative to the remaining ages, and (c) mutual correlation 
of LA proxies with the ice core (Mulvaney et al. 2012) and lacustrine (Sterken et al. 2012) archives 
using a presented age-depth model supports the timely consistent environmental change (Figure 
5.8). The change revealed by multi-proxy records has been assumed to mark the onset of the 
Neoglacial phase associated with pronounced cooling (Mulvaney et al. 2012) and possible advances 
of local glaciers (e.g. Carrivick et al. 2012; Davies et al. 2014). Therefore, the correlation with other 
records brings a more robust timing for the onset of the Neoglacial period and a better record of 
associated environmental changes in the north-eastern AP region. 
 
 
 
Figure 5.8 Regional comparison – the most explanatory proxies from Lake Anónima (TOC, valve abundance, χFD, MGS, 
PC1 score), 10-year averaged temperature anomalies from the Mt. Haddington ice-core (James Ross Island; Mulvaney 
et al. 2012) and loss on ignition with χ from composite lake sediment record (Beak Island; Sterken et al. 2012) related to 
interpolated (Lake Anónima) timescale.  
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Pre-2100 cal. b2k: Termination of the Late Holocene Hypsithermal 
The pre-2100 cal. yrs b2k (Figure 5.8) period is distinguished by low χ (~3 × 10−9 m3.kg−1) caused by a 
low content of iron-bearing minerals (Evans & Heller 2003), suggesting generally warmer climatic 
conditions (Maher & Thompson 1999). A higher sand fraction (~13 %) and coarser MGS (~11.8 μm) 
associates with intensified siliciclastic input into the lake basin, presumably induced by increased 
thawing of local glaciers and the permafrost active layer and increased meltwater runoff. Increased 
material input coincides with a higher sedimentation rate (~0.45 mm.yr−1), Zr/Ti, Al/Si ratios (Lopez 
et al. 2006; Taboada et al. 2006; Kylander et al. 2013) and change in chemical proxies (e.g., Rb/Sr 
values; Xu et al. 2010). Considering the previous 10% KOH sample’s homogenization (removal of 
biogenic silica) for the grain-size analysis, together with enhanced material input  
and increased MGS, it is apparent that accumulated diatom frustules (biogenic silica productivity) in 
the lake bottom do not significantly influence the sedimentation rate, nor does their concentration 
enhance increased siliciclastic input in this period. This is supported by the opposite position of Si 
and BSi on the PC1 axis, as it proves that sediment, in general, contains both organic and lithogenic 
variation of silica. 
 
The pre-2100 cal. yrs b2k period almost precisely corresponds with biozone 1 dominated by aquatic 
species, lasting until 2050 cal. yrs b2k. The higher abundance of Achnanthidium australexiguum (4–
22 %) and Stauroneis delicata (0.2–10 %) suggests the presence of a large water-body with a 
circumneutral to weakly alkaline pH (7.2–7.7), low nutrient content and moderate (110–190 μS.cm–
1 A. australexiguum), or low (<100 μS.cm–1 S. delicata) conductivity environment (Zidarova et al. 
2016). Sellaphora antarctica is distinctive for large, stable lakes with silt drapes and algal mats on 
the lake floor and links to decreased conductivity level (<100 μS.cm–1), circumneutral pH (7.3) and 
generally suggests enhanced vegetation growth around the lakes. All three species have the 
strongest relationship with productivity (A. australexiguum r = 0.83; S. delicata r = 0.58; S. 
antarctica r = 0.81). Since some species are not yet described in full detail, resulting from the 
remoteness of the studied area, its absolute ecological and physiological preferences are not 
known either. However, a stable and productive environment (O’Sullivan & Reynolds, 2008) is 
supported by the highest productivity (~299 × 104), TOC (max. 5.07 %), TS (max. 0.91 %) and Fe/Mn. 
Rather a non-diversified habitat is supported by Shannon (~2.2) and Evenness (~0.74) indices and 
low richness (~19). PC1 has the strongest influence (7.79) and explains the increase in organic 
matter (TOC r = 0.93, LE r = 0.97, TS r = 0.70, Fe/Mn r = 0.90) and BSi proxy  
(Si/Ti r = 0.80). Productivity relationship to PC1 is on the same level as to PC2, meaning complicated 
coherence with organic matter as well as with other indices. Proxies’ outcomes suggest that 
positive PC1 very likely indicates for warmer climate conditions.  
High χFD (~4.72 %) is associated generally with a higher amount of superparamagnetic (SP) grains 
(diameter <0.3 μm; Dearing et al. 1996) and suggests intensified chemical weathering. However, 
since necessary conditions, e.g. mild precipitation, adequate aeration, nearly-neutral pH and 
comparatively warmer climate conditioning pedogenesis are not representative of Polar 
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environments (Worm 1998), the absolute origin of SP particles in the lake, located in a dry-maritime 
climate, remains ambiguous. Results from a previous study of a few sampling sites on Livingston 
Island in the humid-maritime climate of South Shetlands (Jordanova et al. 2016) indicate conditions 
favourable for pedogenesis (χFD >5 %). Based on the outcomes of the elemental and chemical 
composition of soils, Navas et al. (2008) conclude that the outcropping bedrock geology has the 
most substantial influence, thus physical weathering is the main driving force of pedogenesis in 
Antarctica. However, Haus et al. (2016) demonstrated that the driving element of chemical 
weathering within the studied region are enhanced by tephra deposits from Deception Island. 
Despite this, the χFD proxy in the context of extreme (Polar) environment requires further 
examination as some authors support a chemical weathering origin and generally “warmer climate” 
trigger since χFD substantially contributes to PC1 (r 0.58) and highly correlates with  
a sand fraction (r = 0.71). Rb/Sr connection with PC1 (r = 0.91) establishes proxy rather for chemical 
weathering than chemical changes (Xu et al. 2010) induced by various lithology. 
 
The most substantial reconstructed 10-yr and 100-yr average anomalies (°C; AD 1961–1990 
average) based on δD chronology from Mt. Haddington ice-core (Mulvaney et al. 2012) located 
near the summit of JRI, span 14,000 years of warmer climate (mid-late Holocene hypsithermal) 
terminating around 2550 yrs b2k (mean anomaly of 0.2 ± 0.2 °C). The record reveals that positive 
temperature anomalies at 10-yr averages mostly persist until 2000 yrs b2k and start to interchange 
with negative temperature anomalies at 10-yr averages at 2380 yrs b2k. Therefore, the period 
2550–2000 yrs b2k regards as a transition from mid-late Holocene Hypsithermal to late Holocene 
Neoglacial phase with the most significant change at circa 2100 cal. yrs b2k (Figure 5.8). 
 
Although the LA record slightly pre-dates the JRI ice-core record (proxy PC1 score – 5.2), both 
signals significantly correlate (r = 0.42), establishing LA as a regional low-frequency record of 
climate variability. The composite lake record from Beak Island (~20 km north of LA; Sterken et al. 
2012) shows, although in comparison to LA pre-dated and persisting until 2170 cal. yrs b2k, the 
mid-late Holocene hypsithermal as well. Increased LOI550 (loss-on-ignition at 550 °C – equivalent to 
TOC in LA record), total pigment concentration and higher sedimentation rate identify coherence 
with the LA record, which is supplemented by a significant correlation between PC1 score and 
LOI550 (r = 0.49). Unlike in LA, Sterken et al. (2012) associate higher χ (tephra-removed) with a 
coarser fraction (coarse gravel – silt). Since Beak Island is, in general, consisted of volcanic rocks 
(porphyritic basalt, hyaloclastites) and therefore iron(-titanium) oxide-rich material, increased χ 
together with sedimentation rate during this period might be explained by seasonally active 
meltwater streams transporting heavier magnetic particles into the lake. Unlike in LA, the increased 
diversity is apparent and caused by the dominance of (yellow-)green algae and cyanobacteria 
supporting the development of a microbial mud community.  
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At nearby JRI, the mid-late Holocene hypsithermal is very likely recorded in the lake sediments as 
having occurred between 4250 and 3050 14C yrs b2k (Björck et al. 1996a), although chronologic 
resolution is limited to two to three 14C dates per core and possible effect of kerogene from 
underlying Cretaceous strata may lead to higher ages. Of the three lakes (Terrapin, Boulder = 
Monolith, Keyhole lakes) being dated, only the latter could be considered as a reliable sequence. 
According to the authors, the Lake Terrapin record lacks several hundred years, while in Monolith 
Lake only the upper organic-rich horizon was dated (Björck et al. 1996a). It is important to mention 
that dated material (Branchinecta eggs) refers to the 10-cm core part of the profile, which implies 
substantial uncertainty.  
Zale & Karlén (1989) set the climate deterioration at around 5050 14C yrs b2k with  
the subsequent phase of warming culminating around 1250–550 14C b2k. Non-corresponding data 
with the LA observations are probably caused by several factors, including LOI550, used as only, thus 
overestimated climate variable, and non-absolutely dated lichen diameters originally 
supplementing absolute (14C), though not calibrated, chronology. 
Grid-styled collection of the bottom lake sediment samples (Chaparro et al. 2017) was intended to 
investigate present day sedimentary dynamic in the LA and not throughout the Late Holocene. 
Apart from hydrochemical results, a cluster analysis (CA) identifies two main depositional 
environments (coarse-fine sand facies and coarse-fine silt facies) within a lake. Depending on grain-
size, further four groups (areas) are established, one of which – profundal – contains  
a sampling point for our study. Its characteristics agree with the data presented here and proves 
that the central area experiences rather stable and prolonged sedimentary changes (higher χ and 
TOC, silt and clay content), in comparison to the littoral area, which is highly influenced by short-
term discharge changes transporting sand fraction to the coastal zone of the lake. Therefore, 
careful selection of coring position is supported by an enhanced risk of erosion and perturbation in 
the littoral zone, meaning that our record valuably neglects high-frequency signal, and oppositely 
records the low-frequency and more important regional variations.  
Underestimating sufficiency quantity of dated samples (only two) for 14C chronology is also 
introduced by Irurzun et al. (2017) studying the sediment core from Lake Esmeralda, southern Vega 
Island. Despite various magnetic properties being provided, it lacks ample level of detail in absolute 
chronology, supplementing relative paleointensity dating (RPI; five global modelled curves), which 
is necessary to correctly understand material deposition throughout a time. Taking into 
consideration circa 222.5-cm long core with three obtained 14C ages in total, one of which (core’s 
top sample) being extremely overaged (24,710 ± 170 14C BP) and second of which dated at 121 cm, 
it is double-sided to presume, with vast space for various re-deposition processes between the 
intervals, a valid chronostratigraphic sequence. The uncertainty of the Lake Esmeralda dating is also 
supplemented by establishing reservoir age to 5200 years based on a comparison of RPI (as non-
absolute method) and 14C dating. However, the chronology of Irurzun  
et al. (2017) is not confirmed by the optically-stimulated luminescence (OSL) dating supplemented 
by varve-like laminae counting from Lake Esmeralda as applied by Píšková et al. (in press). 
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Demonstrated controversy depicts that radiocarbon ages from north-eastern AP should be used 
with caution or had better be supplemented by following available dating techniques, e.g. OSL 
dating, or correlated with established chronologies as in this study. Apart from uncertainties 
resulting in incorrect placement on a timescale, the whole age-depth sequences must be produced 
in mathematical-statistical software, e.g., Clam (Blaauw et al. 2010) or Bacon  
(Blaauw & Christen 2011).  
Timing of the Neoglacial onset in the north-eastern Antarctic Peninsula 
Since PC1 of the LA multi-proxy record profoundly explains natural climate variability, negative 
scores correspond with climate deterioration conditions, while oppositely, positive values correlate 
with climatically optimal conditions. Together with the obtained age-depth sequence, the PC1 score 
is used for a specification of the precise timing of the Neoglacial onset in this area (Figure 5.8); the 
presence of it as such is indicated and proved by individual proxies and by the correlation with 
other lacustrine (Sterken et al. 2012) and ice-core (Mulvaney et al. 2012) records from north-
eastern AP area. Hence, the adequate calibrated age of a zero score refers to the transition 
between the Late Holocene hypsithermal and Neoglacial phases, and it is achieved by interpolating 
age (b2k) of adjoining PC1’s (−0.57 = 2096 cal. yrs b2k; 1.19 = 2118 cal. yrs b2k). The established age 
of the Neoglacial onset in LA is at 2103 (2σ: 2038–2184) cal. yrs b2k, or rounded 2100 (2σ: 2040–
2180) cal. yrs b2k, respectively. To specify regional Neoglaciation onset, a significantly correlating 
10-yr average temperature (°C) anomalies (1961–90) from the JRI ice-core (Mulvaney et al. 2012; r 
= 0.42) and LOI550 proxy from the Lake BK1 (Sterken et al. 2012; r = 0.49) on Beak Island are 
included. For correlation purposes, interpolated (LA timescale) comparative data were applied, 
while for further statistical procedures, an original dataset is used. The exact age of abrupt 
decrease in frequency of positive 10-yr temperature (°C) anomalies  
(2050 ± 200 yrs b2k) is used here as a marker for the beginning of the Neoglacial period in JRI ice-
core, while in the Lake BK1 (Beak Island) an age of terminating peak in LOI550 proxy (2241 (2σ: 
2078–2380) or rounded 2240 cal. yrs b2k) suggesting initiation of decrease in organic matter 
content (LOI550 26.65 → 8.01 %) is applied as a marker in this record. Here,  
the originally published 2170 cal. yrs b2k is used for the Neoglaciation onset, while for  
the precise timing a new calibrated chronology (2240 ± 140 cal. yrs b2k; as shown in supplementary 
Figure 17g in Roberts et al. 2017) is used. To compare different ages of individual records, the 
method proposed by Ward & Wilson (1978) based on the Chi-square (χ2) analysis is applied. Since 
the calculated value at p < 0.05 level confirmed data suitability, the calculated weighted mean 
denoted reference age for the Neoglacial onset in the north-eastern AP at 2120 ± 50 yrs. b2k. 
 
Post-2100 cal. b2k: Neoglacial phase  
The post-2100 cal. yrs b2k (Figure 5.8) phase is overall distinguished by opposite trends in several 
proxies within the LA record. It concerns an increase of χ (~13.07 × 10−9 m3.kg−1) suggesting higher 
content of para- and ferromagnetic matter (Evans & Heller 2003), as well as of clay content  
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(~31.3 %), which with respect to decreased MGS (~5.5 μm) indicates reduction of siliciclastic input. 
Tight link of χ with clay fraction (r = 0.65) suggests that susceptibility signal is associated with clay 
content variation, thus magnetic signal of the sedimentary infill is very likely carried by fine-grained 
minerals, e.g., magnetite and maghemite as it is supported by Chaparro et al. (2017). Considering 
(in comparison to the pre-2100 cal. yrs b2k period) a corresponding Al/Si (~0.26), Zr/Ti (~0.02; 
Lopez et al. 2006; Taboada et al. 2006; Kylander et al. 2013) and Rb/Sr (~0.04) values together with 
decreased χFD (~3.74 %) – latter two supposedly indicating chemical weathering (see Pre-2100 cal. 
b2k: Termination of the Late Holocene Hypsithermal) – the petrophysical proxies themselves 
presumably indicate climate deterioration conditions. The assumption is supported by low Fe/Mn 
(~59.31), TOC (~0.12 %) and TS below the limit of detection, together with overall PC1 negative 
scores (~ −3.38) inducing influence of colder climate conditions associated with limited meltwater, 
or precipitation input into the lake basin, which might have possibly afterwards resulted in lake 
level drop. Conditions are supported by BSi (~6.37) decrease and the presence of several (mainly 
aerophilic) diatom species (Hantzschia amphyoxis, Luticola muticopsis, Humidophila keiliorum) 
being clustered within a biozone 2 (2050–1520 cal. yrs b2k), which corresponds with a succession of 
climate deterioration in our record. Since (seasonal) drying of shallow lakes (Váczi et al. 2011) was 
described also in present time, occurrence of Brachysira minor referring to more barren 
(unproductive) conditions and Nitzschia homburgiensis being found besides in the littoral muddy 
drying area of JRI (unpublished data by Bart Van de Vijver), conclusively evidences, with respect to 
productivity decrease (~2.63 × 104) and higher Evenness (~0.87) a prolonged period of colder and 
drier conditions in the LA record.  
 
Ambiguous PC2 suggests that indices (except productivity) together with the most representative 
non-biozone 1 species (biozone 2: Brachysira minor, Nitzschia homburgiensis; biozone 3: 
Planothidium rostrolanceolatum, Sellaphora gracillima) are to a substantial extent driven by other 
not yet known factor contributing to the primary climate dependent behaviour. Considering 
uncertainty associated with the absence of knowledge of the diatom assemblages occurring in non-
analysed depths, authors believe that PC2 might represent chemically-induced changes conditioned 
by a different lithology. With respect to supposedly “chemical weathering proxy” Rb/Sr (see Pre-
2100 cal. b2k: Termination of the Late Holocene Hypsithermal), PC2’s variations are supported by 
Rb/Sr’s position close to PC1 rather than PC2. The “chemical” hypothesis would imply that diatom 
assemblages in the biozones 2 and 3 as well as Richness (diversity), Shannon and Evenness are not 
primarily climate-dependent, although such assumption needs to be taken into consideration with 
caution and verified by further analyses. Since biotic (organic) proxies point out 50 years of 
difference, the response might represent a useful contribution to the understanding of how 
sensitively an aquatic diatom ecosystem reacts to changes in the non-catchment area. 
 
The overall climate deterioration in the north-eastern AP was particularly reported by Mulvaney et 
al. (2012) and Sterken et al. (2012). Front mentioned depicts a high frequency of negative 10-yr 
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temperature (°C) anomalies initiating around 2050 yrs b2k, although precise timing gets more 
problematic as the pronounced cooling trend distinctive by frequent interchanging of positive and 
negative temperatures initiates already at around 2550 yrs b2k (see Pre-2100 cal. b2k: Termination 
of the Late Holocene Hypsithermal). Starting at 850 yrs b2k and terminating at 450 yrs b2k 
temperatures were on average 0.7 ± 0.3 °C and 1.8 ± 0.3 °C cooler than present on the annual and 
decadal timescale. Climate deterioration recorded on the Beak Island starting at 2170 cal. yrs b2k 
(Sterken et al. 2012) is evidenced by a decrease of total pigment concentration and LOI550;  
in addition, supplemented by the presence of Brachysira minor and Psammothidium abundans. 
Simultaneous occurrence of B. minor in Lake BK1 as well as in LA enhances concurrent 
environmental signal consisting of low nutrients, low carbonate content and reduced productivity 
(the latter two are supported by low TOC content and diatom productivity). Despite 7.5–9.0 pH and 
110–217 μS.cm–1 conductivity (Zidarova et al. 2016), B. minor might have been according to Wetzel 
(2001) additionally associated with the acidic conditions originating in benthic mosses established 
on the lake floor. Importance of this species is evidenced by its use as a bioindicator for presented 
specifics also in subsequent lakes of the AP region (Gibson & Zale 2006). Published data from these 
two best correlating records correspond with a decreased PC1 score of LA supporting the 
Neoglaciation signal within this period in the north-eastern AP. 
 
The manifestation of the Neoglacial period in Herbert Sound at 2550 cal. yrs b2k  
(Minzoni et al. 2015; see Figure 5.9) is mainly based on suppressed productivity (decrease in TOC), 
sediment fining and distinct diatom PCA component (presence of Navicula spp.) that cumulatively 
indicate water stratification, sea-ice and cold-water conditions. Increase in ice-rafted debris is 
supportive for higher glacial influence, and is relatively consistent with interpretations of both, the 
LA signal that indicates dry and cold environment, and adjacent studies, which suggest only partial 
advances of local glaciers (Carrivick et al. 2012) and increased sea-ice cover (Leventer et al. 1996; 
Pudsey & Evans 2001; Yoon et al. 2003; Heroy et al. 2008). Even though the diatom taxa in LA 
record refer to the Neoglacial cooling, the biostratigraphy with Minzoni et al. (2015) cannot be 
compared since freshwater and marine habitats reveal completely different physical-chemical 
characteristics. Together with a more optimal time resolution of lake records, this fact has been 
also a limitation when calculating the timing of the Neoglacial onset in the north-eastern AP. 
 
Even though Björck et al. (1996a) is the most complex palaeolimnological study on JRI published so 
far, the data do not agree with the LA record. It is because Björck et al. (1996a) characterise  
a period 4250–3050 14C yrs b2k (MHH) by increased humidity and glacial advances, while  
a subsequent phase 3050–1200 14C yrs b2k is described in Björck et al. (1996a) by a cold and arid 
climate with ongoing glacier recession (see Figure 5.9). The period before 4250 14C yrs b2k is by 
Björck et al. (1996a) oppositely described by glacier retreat and precipitation starvation. However, 
all of this is in contrary to the Hjort et al. (1997), which present glacial and relative sea-level history 
based on the lithostratigraphy appended by radiocarbon dating and suggest that the northern part 
112 
 
of the James Ross Island experienced major glacial advance that culminated at circa 4750 cal. yrs 
b2k as a result of increased precipitation caused by enhanced cyclonic systems from  
the west. Although Hjort et al. (1997) describe the post-4750 cal. yrs b2k period as typical by  
a glacier retreat, out of which is, according to the study, a drier and colder climate onset deductible, 
it does not offer any further information on glacier-climate development in  
the Late Holocene that might be comparable with the LA record. 
 
Björck et al. (1996a) also do not correspond with the re-modelled timing of Whisky Glacier (IJR-45) 
advances (after 1550 cal. yrs b2k; Carrivick et al. 2012; Davies et al. 2014) as well as with the overall 
climate cooling after 2050 cal. yrs b2k as recorded in our study and analysed by Davies et al. 2014. 
On top of that and with respect to LA record, the Davies et al. (2014) attributes a glacial expansion 
in the northern part of James Ross Island to temperature rather than precipitation changes (as 
proposed by Hjort et al. 1997) and shows that temperature decrease is essential for glacial growth. 
Based on various proxies we propose (see Pre-2100 cal. b2k: Termination of the Late Holocene 
Hypsithermal) a glacier recession and melting during the mid-late Holocene hypsithermal as this 
trend is highly correlated with the record from Mt. Haddington ice core (Mulvaney et al. 2012). 
 
In light of glacier growth, Strelin et al. (2006) identify a six Holocene glacial advances on JRI, three 
of which are allegedly to occur after the mid-late Holocene hypsithermal (3950–3050 14C yrs b2k) 
and before LIA (~350 14C yrs b2k). Even though these relatively young post-hypsithermal moraines 
are undated (Johnson et al. 2011), some of them might be synchronous with the early stages of the 
LIA (Carrivick et al. 2012). Unfortunately, the past several hundred years of the LA development are 
reduced to a short-term proxy changes with decadal resolution implying lower informative ability 
for Little Ice Age (LIA), or other phenomena such as Medieval Climate Anomaly known rather from 
the northern hemisphere (Mann et al. 2008). To address changes for the most recent period, it is 
necessitated to obtain a high-resolution sequence supplemented by firm 210Pb and 137Cs (or other 
type of) dating, such as that from the Esmeralda Lake, Vega Island recently analysed in Píšková et al. 
(in press). 
 
Neoglacial trend from the LA is also coherent with the reformation of Prince Gustav Ice Shelf at 
1950 14C yrs b2k, which was preceded by a warm and seasonally open water in Prince Gustav 
Channel (Pudsey & Evans 2001; Pudsey et al. 2006; see Figure 5.9), while comparable to the south 
the Larsen-A Ice Shelf reformed at 1450 cal. yrs b2k (Brachfeld et al. 2003). Neoglacial appears to 
have occurred earlier in the area south of Joinville Island (Firth of Tay) as it experienced climatic 
cooling and variable sea-ice cover from 3550 cal. yrs b2k (Michalchuk et al. 2009), while the 
adjacent area north of Joinville Island (Perseverance Drift) shows a delayed initiation of the 
Neoglacial to the 1850 cal. yrs b2k (Kyrmanidou et al. 2018; see Figure 5.9). 
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Neoglacial in adjacent regions of the AP 
Western AP 
There is not much of evidence for the Neoglacial in the southwestern AP since this period is in 
George VI Ice Shelf within the Late Holocene poorly recognized (Clapperton & Sugden 1982; Smith 
et al. 2007). Even though Smith et al. (2007) declare that the ice shelf remained present throughout 
a middle and late Holocene (since 7780 cal. yrs b2k), evident variations in C/N and magnetic 
susceptibility in upper part of the profile are linked to certain, although not yet understood, 
environmental changes that might suggest manifestation of the Neoglacial as suggested by Smith et 
al. (2007). 
 
Lake records from Marguerite Bay evidence the onset of Neoglacial conditions at 2680 (Narrows 
Lake, Pourquoi-Pas Island) and 2080 (Col Lake 1, Horseshoe Island) cal. yrs b2k based on a decline in 
TOC and sedimentation rate (Hodgson et al. 2013; see Figure 5.9), which is relatively consistent 
with the results reported in Neny Fjord after 2850 cal. yrs b2k (Allen et al. 2010), and in Lallemand 
Fjord at 2750 14C yrs b2k (increased sea-ice; Shevenell et al. 1996) and at 2930 cal. yrs b2k (Taylor et 
al. 2001). Further north in Barilari Bay, the Neoglacial have been suggested to occur within a 2865–
780 cal. yrs b2k with a subsequent culmination of glacial expansion of fjord-wide ice shelf during 
the LIA at 780–132 cal. yrs b2k (Christ et al. 2015), while on Anvers Island this period initiated at 
2650 14C yrs b2k (Leventer et al. 1996; see Figure 5.9). 
 
The area of high interest, the Palmer Deep, contains a strong and resilient Late Holocene signal of 
the Neoglacial period that is based on records from several cores (Kirby et al. 1998; Domack et al. 
2001, 2002; Ishman & Sperling 2002; Shevenell & Kennett 2002; Sjunneskog & Taylor 2002; Taylor 
& Sjunneskog 2002). The longest magnetic susceptibility record shows an earlier onset of 
 the Neoglacial pattern at 3410 cal. yrs b2k, which is based on a decrease in accumulation rate and 
an increase of coarse fraction in ice-rafted debris (Domack et al. 2001, 2002; see Figure 5.9). This is 
accompanied by diatom abundance and assemblages that are consistent with alternating periods of 
more sea-ice and open water and surface water that were never warm long enough for subpolar 
species to become established (Sjunneskog & Taylor 2002; Taylor & Sjunneskog 2002). The 
neoglacial pattern in Palmer Deep, supplemented by a discussion on forcing mechanisms, is also 
evidenced from benthic foraminiferal isotope (Ishman & Sperling 2002; Shevenell & Kennett 2002) 
and petrophysical (Kirby et al. 1998) records. 
 
The Bransfield Basin reveals a strong Neoglacial signal between the 2650 and  
1650 cal. yrs b2k (Barnard et al. 2014), yet another record by Heroy et al. (2008) provides  
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the same timing (2650 cal. yrs b2k), but rather a subtle transition from the mid-late Holocene 
hypsithermal towards the Neoglacial (see Figure 5.9). Subsequently, Khim et al. (2002) provide an 
insight into Late Holocene climate oscillations including LIA. 
 
South Shetland Islands, South Orkneys and South Georgia 
Different temporal occurrence of the ‘cold climate’ period has been evidenced further north on the 
South Shetland Islands (John & Sugden 1971; Sugden & John 1973; Curl et al. 1980; Björck et al. 
1991a, 1991b, 1993; Yoon et al. 2004; Hodgson & Convey, 2005; Hall 2007;  
Yoo et al. 2009; Milliken et al. 2009; Chu et al. 2017), South Orkneys (Jones et al. 2000) and South 
Georgia (Strother et al. 2015). However, only few provide a description of the Neoglacial phase 
distinctive by an abrupt change in various proxies that might be comparable with the LA record. 
 
Lake sequence from Livingston Island shows a period of cold and arid climate between 1550 and 
550 14C yrs. b2k (Björck et al. 1991a), which is characterised by a low accumulation rate for pollen 
and spores, low organic content and slow sedimentation rate. Another lake study from the same 
island unravels a similar trend as the climate deterioration onset is expressively suggested to ~2550 
14C yrs b2k (Björck et al. 1993) with reference to the last 1450 years that are described as fairly arid 
and cold. Supportive to the LA record is that the Fe/Mn ratio during the last 2550 14C yrs b2k 
depicts a gradual decrease, the epiphytic flora data indicate relatively lower water levels, 
allochthonous/erosional variables suggest a fair decrease and the conditions are described as 
generally stable. Oppositely, moss bank archive from Elephant Island does not show any significant 
cooling in the Late Holocene, but instead rather short-term pulses at 5550–4350, ~3550 and 2550–
2450 14C yrs. b2k that might be descriptive with the cold and arid characteristics  
(Björck et al. 1991b; see Figure 5.9). 
 
Valuable, although not effectively comparable, tephrochronology from Livingston and Elephant 
Island (Björck et al. 1991c) is based on high induced isothermal remanent magnetization (HIRM) 
parameter, indicating various scale eruptions mainly originating from Deception Island within  
a period 4750–300 14C b2k. Unfortunately, more-detailed magnetic analyses were not performed in 
case of LA sediments, thus a reliable comparison is not possible. In so doing, it is not possible to 
establish a relationship between χFD and HIRM as well since SP grains do not have any remanent 
magnetization (Smirnov & Tarduno 2001). Therefore, it is not feasible to establish the merits of 
using χFD in the Polar environment. 
Marine record from King George Island sets the Neoglacial period at 2750 cal. yrs b2k based on  
the distinct reduction of LOI550°C and TOC (Chu et al. 2017; see Figure 5.9), while another archive 
from Maxwell Bay indicates that Neoglacial phase started at 2650 cal. yrs b2k, although already 
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since 5650 cal. yrs b2k a continual decrease in sea-surface temperatures and the sea-ice cover 
increase was in progress (Milliken et al. 2009). The absence of LIA and presence of only subtle 
glacier variations on King George Island (Milliken et al. 2009) is not consistent with the glacial 
advance at 1500–1800 14C yrs b2k, allegedly caused by increased precipitation and warmer climate. 
Relative disagreement with Milliken et al. (2009) and Chu et al. (2017) is also represented by Yoo et 
al. (2009), which on a ~1500 14C yrs-old continental shelf record show the general absence of cold 
conditions with exception of LIA at 380 14C yrs b2k. The manifestation of LIA is supported by an 
advance of Collins Ice Cap (King George Island) at ~700 cal. yrs b2k (Hall 2007) and moraine-
evidenced movement of local glaciers on the South Shetland Islands (John & Sugden 1971; Sugden 
& John 1973; Curl 1980). The LIA presence at 300–500 cal. yrs b2k is also very well constrained by 
Simms et al. (2012). Björck et al. (1996b) found evidence for neoglacial expansion within the last 
800 14C years (roughly LIA) on the Livingston Island in a form of moraines transgressing earlier 
Holocene raised beaches. 
 
Even though research in the sub-Antarctic zone (South Georgia, South Orkney Islands) illustrates a 
presence of the mid-late Holocene hypsithermal, there is generally a lack of explicit Neoglacial 
signal in the lake records (Jones et al. 2000; Hodgson & Convey 2005; Strother et al. 2015). Pollen 
sequence from South Georgia shows cooling at 2800 cal. yrs b2k, however at 1720 cal. yrs b2k a 
termed Medieval Warm Period had effect as it transferred warm and moist air from the west 
(Strother et al. 2015). The South Orkney Islands reveal overall the same trend since the cooling 
onset is recorded at 1350 14C yrs. b2k (Jones et al. 2000) and 1450 cal. yrs b2k (Hodgson & Convey 
2005; see Figure 5.9). 
 
There is, without any doubt, an evident but inconsistent Neoglacial signal in the AP region and sub-
Antarctic zone, though the spatiotemporal occurrence is highly variable. Even though such a trend 
has been present, its character, timing, periodicity and manifestation in various regions on both, 
geosystems and ecosystems, substantially differ. Therefore, it is critical not only to create 
chronologies for as many localities as possible but also to establish a synchronised Neoglacial onset 
for each region that has comparable physical-geographic settings. Such an approach would 
generate a robust signal that might be reflected against possible driving factors for the climate 
patterns. 
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Figure 5.9 Overview of the Neoglacial onset in the Antarctic Peninsula region and adjacent sub-Antarctic zone. Included 
are only publications that (a) thoroughly link the terms as “cooling”, “deterioration”, “colder period” and/or 
“neoglacial” to the Neoglacial period following, or intersecting the mid-late Holocene Hypsithermal (~6000–2000 cal. 
yrs b2k), (b) concurrently and clearly suggest such a shift by majority of available (including stratigraphic) proxies, which 
are supplemented by absolute and original ages, (c) indicate Neoglacial depending on the ice shelf reformation (out of 
which a large-scale cooling pattern is deductible), (d) do not describe Neoglacial towards the glacial advances during 
the last millennium (LIA). Radiocarbon (non-calibrated) ages are marked with an asterisk. 
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Conclusions 
The sediment core from LA is amongst the first records from the James Ross Archipelago (Zale & 
Karlén 1989; Björck et al. 1991a, 1996a; Sterken et al. 2012; Píšková et al. in press)  
to show a lacustrine response to the most recent environmental change of the Late Holocene in this 
area. 
 
(1) The multi-proxy record from LA covers the last ~2450 years and captures  
the low-frequency regional-scale climate variability including the Late Holocene Hypsithermal 
and Neoglacial periods of the north-eastern AP. 
 
(2) The climate deterioration phase in LA initiates at 2100 (2σ: 2040–2180) cal. yrs b2k reflecting 
climate deterioration, decreased siliciclastic input and suppressed biogenic productivity in the 
sedimentary archive. 
 
(3) The correlation of three high-quality lacustrine and ice-core records depicts  
the Neoglacial period onset in the north-eastern AP at 2120 ± 50 yrs b2k.  
 
(4) Calibration and proper verification of radiocarbon ages are absolutely crucial when considering 
high spatiotemporal climate variability and the overall lack of datable sample material in the AP 
region. 
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PALEOLIMNOLOGICAL ANALYSIS - COMPARISON OF LAKE ESMERALDA CORE 
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Paleolimnological analysis - comparison of Lake EsmEralda core WITH lake 
anonima core 
While the investigation of modern diatom communities provides a snapshot in the spatial and 
environmental controls governing diatom community structure and assembly,  
paleo-records can provide these data at much greater temporal intervals, thus providing important 
comparisons. Here, were compare the diatom assemblages recovered from two sediment cores, one 
from the NE side (Lake Anonima), and the other from the SW side  
(Lake Esmeralda) of Vega Island to provide complementary data on observations from 
the modern communities discussed in the previous chapter. In addition, results from 
 the previous chapter can help interpret the data reported below. 
General diatom description of the Esmeralda core 
A total of 9600 diatom valves were counted in the 24 topmost samples of the Lake Esmeralda 
sediment core (see Chapter 4). This resulted in the identification of 86 different taxa representing 31 
genera (Appendix 3). The number of species varied between 30 and 47 (average = 42), but no 
significant changes in distribution or structure occurred  
in the topmost 25 cm of the core, as neither distinct arrivals nor disappearances  
were observed.  
General diatom composition of Anonima core 
A total of 11 600 diatom valves were counted in 29 samples (see Chapter 5). This resulted  
in the identification of 80 different taxa representing 26 genera (Appendix 4). The number  
of species varied between 12 and 39 (average = 22.9), and changes in their distribution were 
observed in the core and followed trends of other proxies. Biozone 1 was dominated 
 by the genus Nitzschia (46–67 %). Following biozone 2 is productively scarce and the diatom 
communities mainly present (semi-)terrestrial diatom species such as Hantzschia amphioxys, Luticola 
muticopsis and the genus Humidophila. Biozone 3 is characterised by co-dominance of Planothidium 
rostrolanceolatum and the genus Nitzschia and main character of biozone 4 is decrease in abundance 
of Planothidium rostrolanceolatum and the increase of Sellaphora gracillima (see Chapter 5). 
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SPECIES COMPOSITION 
For both Esmeralda and Anonima sediment cores, the most species rich genus was Luticola, followed 
by Pinnularia and Psammothidium (and Planothidium in case of Anonima)  
(Figure 6.1). 
 
 
 
Figure 6.1  number of species in genera  
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The most abundant genus in Lake Esmeralda sediment core was Microcostatus (22 %), followed by 
Psammothidium (16 %), Nitzschia (14 %), and Pinnularia (11 %). For the Anonima sediment core, 
counts were dominated by representatives from the genus Nitzschia (41 %), followed by 
Planothidium (15 %), Sellaphora (140 %), and Achnanthes (6 %) (Table 6.1). 
 
Anonima Esmeralda 
  
total 
number of 
diatoms 
counted 
total 
relative 
abundance 
total 
number of 
diatoms 
counted 
total 
relative 
abundance 
Achnanthes 724 6.2% 2 0.0% 
Brachisira 723 6.2% 23 0.3% 
Fragilaria 255 2.2% 4 0.0% 
Gomphonema 217 1.9% 34 0.4% 
Humidophila 297 2.6% 300 3.3% 
Chamaepinnularia 203 1.8% 469 5.1% 
Luticola 298 2.6% 670 7.3% 
Mayamaea 41 0.4% 310 3.4% 
Microcostatus 82 0.7% 2043 22.2% 
Nitzschia 4750 40.9% 1313 14.3% 
Pinnularia 101 0.9% 976 10.6% 
Planothidium 1736 15.0% 285 3.1% 
Psamothidium 218 1.9% 1441 15.7% 
Sellaphora 1162 10.0% 268 2.9% 
 
Table 6.1  Overview of the 10 most valve abundant diatom genera based on Anonima and Esmeralda sediment 
core. 
The most abundant species in the Anonima core was Nitzschia velazqueziana, representing 20 % of 
all counted valves (Table 6.2). It was followed by Nitzschia soratensis (9 %), Planothidium 
lanceolatum (9 %), and Brachisira minor (6 %). All other taxa contributed smaller proportions and 
were more variable. The Esmeralda core was dominated  
by Microcostatus austroshetlandicus, and represented 21 % of all counted valves.  
The species dominated the entire analyzed section of the core. It was followed by Nitzschia 
kleinteichiana (10 %), Psammothidium papilio (6 %), and Pinnularia magnifica (6 %).   
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  Anonima Esmeralda   
  
total number 
of diatoms 
counted 
total relative 
abundance  
total number 
of diatoms 
counted 
total relative 
abundance  
Achnanthidium australoexiguum 700 6.0% 0 0.0% 
Brachisira minor 723 6.2% 23 0.3% 
Luticola pusilla 0 0.0% 316 3.4% 
Microcostatus 
australoshetlandicus 0 0.0% 1974 21.5% 
Muelleria  sp 3 0.0% 240 2.6% 
Nitzschia annewillemsiana 620 5.3% 0 0.0% 
Nitzschia homburgiensis 368 3.2% 350 3.8% 
Nitzschia kleinteichiana 153 1.3% 963 10.5% 
Nitzschia soratensis 1065 9.2% 0 0.0% 
Nitzschia velazqueziana 2331 20.1% 0 0.0% 
Pinnularia magnifica 0 0.0% 510 5.5% 
Planothidium frequentissimum 265 2.3% 65 0.7% 
Planothidium lanceolatum 1051 9.1% 0 0.0% 
Psammothidium aretasii 0 0.0% 387 4.2% 
Psammothidium papilio 119 1.0% 589 6.4% 
Psammothidium rostrogermainii 2 0.0% 367 4.0% 
Sellaphora antarctica 593 5.1% 0 0.0% 
Sellaphora gracillima 549 4.7% 0 0.0% 
Sellaphora nana 0 0.0% 268 2.9% 
 
Table 6.2 Overview of the 10 most abundant diatom taxa based on Anonima and Esmeralda sediment core. 
 
COMPARISON OF COMMUNITIES 
Raw relative abundance data were visualized with a dot plot diagram organized by different 
sediment cores (Figure 6.2). From this, it is clear that diatom communities from each core are unique 
and do not resemble each other.  
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Figure 6.2 Dot plot representation of relative abundance counts averaged by sample. Sample codes are on the 
x-axis, and species names are on the y-axis. The size of a dot is proportional to the average relative abundance 
of a particular species in a given sample. Anonima core samples are shown on the right side as filled brown 
circles, and Esmeralda core samples are shown on the left side as un-filled brown circles. Diatoms with relative 
abundances greater than 1 % are plotted. The key for species abbreviations are shown in Appendices 3 and 4. 
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Only a few species were observed in both sediment cores. Among them, it was typically lacustrine 
species common for the region such as Psammothidium papilio,  
Planothidium frequentissimum and Planothidium australe (Zidarova et al. 2016).  
  
 
Figure 6.3 Boxplots of species richness (A), Shannon diversity (B), and evenness (C) calculated for Lake Anonima 
and Lake Esmeralda sediment core samples. Box bottoms and tops represent first and third quartiles, and  
the thick black lines represent median values. 
 
The Esmeralda sediment core exceeded Anonima in richness and diversity indices  
(Figure 6.3). Shannon diversity values fluctuated between 2.39 and 3.26 (average = 2.97) 
 in the Esmeralda core and ranged from 0.55–0.93 (average = 0.79) in the Anonima core. Differences 
in evenness were less pronounced, with Esmeralda dominating again (0.64–0.88; average = 0.8), and 
with Anonima evenness values ranging from 0.55–0.93 (average = 0.79). These findings correspond 
to the distribution of richness, diversity, and evenness on each side of the island reported in the 
previous section, where Cape Lamb exhibited greater values than Devil’s Bay.  
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Figure 6.4 Diatom species richness plotted by depth in Lake Esmeralda and Lake Anonima sediment cores. 
 
Species richness values in Lake Esmeralda core were greatest at depths of 8–9, 16–17  
and 19–20 cm, and were lowest at the depth of 7 –8 cm. No significant changes occurred 
 in species richness over the topmost 25 cm of the sediment core (Figure 6.4).   
 
For Anonima, species richness values were greatest at depths of 2-3, 5-6 and 7-8 cm,  
and were lowest at the depth of 42-43 and 68-69 cm. Species richness significantly decreased with 
depth (Figure 6.4).  Even though that richness or diversity is not considerate to be primarily climate- 
dependent, it needs to be taken into consideration since they decrease with becoming period of 
colder and drier conditions in the LA record. 
PCA 
A PCA generated for the Esmeralda core samples alone explained 33.2 % and 22.6 %  
of the species variation on the first and second axis respectively and an additional 29.5 % was 
explained by the third and fourth axes together. 
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Figure 6.5 The Principal component analysis (PCA) of Lake Esmeralda core samples. Diatoms with relative 
abundances greater than 8 % are plotted. Numbers indicate a layer of the sediment core in cm. 
 
Even though the community is stable over the time, some differences can be seen 
 as the topmost 10 samples (1th -10th cm) are influenced by Nitzschia homburgensis, following 
samples (except 15th- 16th cm) are influenced by Mayamaea josefelsteri  
in combination with Psammothidium aretasii, whereas the lowermost samples are influenced by 
Pinnularia magnifica (Figure 6.5).  
 
The Lake Anonima core PCA explained 30.2 % and 15.1 % of the variation on the first  
and second axis, respectively, and an additional 20.1 % was explained by the third and fourth axes 
together. 
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Figure 6.6 The Principal component analysis (PCA) of Anonima core samples. Diatoms with relative abundances 
greater than 8 % are plotted. Numbers indicate a layer of the sediment core in cm. 
 
Clear, distinct differences within the diatom stratigraphy were found on the PCA biplot (Figure 6.6). 
The layer 15-16 and the lowermost samples (from 52-53 cm) are distinct  
by their abundances of Nitzschia velazqueziana, Achnanthidium australexiguum, Stauroneis delicate, 
and Sellaphora antarctica, and are representatives of biozone 1. The topmost samples are influenced 
by Nitzschia annewillemsiana, Brachysira minor,  
and Nitzschia homburgiensis, and are representative of biozone 2. The middle part  
of the core, 10-31 cm, is influenced by Chamaepinnularia australomediocris,  
Planothidium rostrolanceolatum, and Sellaphora gracillima, ecological representatives of biozone 3. 
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CONCLUSIONS 
This chapter focused on the ecological comparison of two lake sediment cores from Vega Island (Lake 
Esmeralda and Lake Anonima) located to the southwest (Cape Lamb)  
and northeast (Devil’s Bay), respectively.  
Main results: 
 In total, 52 samples were analyzed and 134 diatom species were identified for both cores. 
 Different diatom assemblages were found in each core suggesting different histories for each 
lake. 
 Species richness and diversity is higher in the Lake Esmeralda sediment core, which 
corresponds to patterns between the modern diatom communities analyzed from Cape 
Lamb versus Devil’s Bay.  
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GENERAL DISCUSSION 
 
 
General discussion on the influence of habitat type and island aspect  
Comparison with Clearwater Mesa, JRI 
Comparison of lake sediment cores with recent material 
Overall conclusions 
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Four different habitat types (ponds, streams, seepages, and mosses) were sampled on Vega Island 
from two different localities (Cape Lamb located on the SW of the island  
and Devil’s Bay to the NE). A total of 136 diatom taxa (including species, varieties, and forms) 
belonging to 31 genera were observed, and a complete list of taxa is presented  
in Appendix 2. In addition, a lake sediment core was recovered from each locality to study the paleo-
record of diatom assemblages in order to infer local environmental changes.  
A complete list of observed taxa is in Appendices 3 and 4.  Habitat type was found  
to be a crucial factor in determining diatom community structure, stronger than the aspect of island. 
The lake sediment cores differed substantially from each other and reflected  
the differences in richness and diversity observed in recent communities (even though  
the diatom communities differed from the recent ones), suggesting that similar drivers  
of diversity are operating over both modern and distant timescales.   
 
Influence of habitat type 
In Antarctica, different habitat types exert strong selective controls on diatom community structure 
and assembly due to the environmental conditions they promote and are exposed to (Spaulding et al. 
2010). For example, the extent and duration of ice cover for lakes  
and ponds functions as the main control over life in these Antarctic habitats  
(Smol & Cumming 2000; Douglas et al. 2004; Foreman et al. 2004; Hodgson & Smol 2008). Similarly, 
Antarctic stream communities are limited by the melting of water at their source, and life here is 
limited by annual periods of desiccation and freezing (Esposito et al. 2006). As for mosses, moisture 
availability and content is the main control for resident communities (Chipev & Temniskova Topalova 
1999; Van de Vijver et al. 2004; Vinocur & Maidana 2010), with dry mosses routinely reporting fewer 
species than wet ones (e.g. Van de Vijver and Beyens 1999). Previous work has further found that  
the distance to an aquatic source (either freshwater of marine) is more influential  
than the water‘s physical-chemical composition (Vinocur & Maidana 2010).  
Vinocur & Maidana (2010) suggest that moss habitats may not be directly influenced  
by nutrient concetrations because of a sheltered microenvironment that is created within moss layer. 
Seepages are, on the other hand, often exhibit orders of magnitude greater conductivity and nutrient 
concentrations than other nearby waterbodies (Jones 1993; McKnight et al. 2004; Spaulding et al. 
2010; Kopalová & Van de Vijver 2013b; Kopalová et al. 2013c). While also ephemeral like Antarctic 
streams, seeps may provide a more ‚stable‘ hydrologic environment given their lower flow rates and 
thus reduced shear stress and scour. In any case, the amount of exposure, availability of liquid water,  
and the availibility of nutrients and light play a fundamental role in forming diatom communities 
across all Antarctic habitat types.  
The data suggests that Vega Island moss and pond habitats are more diverse than streams and 
seepages. This may suggest that these former habitat types have greater stability  
in contrast to the ephemerally-fed streams and seepages that can potentially exhibit more abrupt 
changes in aquatic regime.  
The submerged aquatic habitats of Vega Island were dominated by the genus Nitzschia, which 
contrasts with ponds from the sub-Antarctic Islands, where Nitzschia species are less abundant (Van 
de Vijver et al. 2008). Additionally, Sakaeva et al. (2016) reported only two Nitzschia species from 
ponds in McMurdo Sound Region near McMurdo Station, none which were dominant.  
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From stream and pond habitats, three Nitzschia species were common: Nitzschia kleinteichiana, 
Nitzschia paleacea and Nitzschia homburgiensis. The first,  
Nitzschia kleinteichiana, is one of the most common Nitzschia species in the Maritime Antarctic 
Region (Zidarova et al. 2016). It exhibits a broad ecological niche, being found  
in every habitat investigated (Hamsher et al. 2016). Another Nitzschia species,  
Nitzschia homburgiensis, was also observed at high abundances, and has previously been reported 
from streams in the Maritime Antarctic region (Kellogg & Kellogg 2002;  
Hamsher et al. 2016). Aside from Nitzschia spp., the diatom Fistulifera pelliculosa was also common 
in studied streams. This genus, in general, tolerates unstable flow conditions  
in streams, including high velocities (Stabell 1985; Denys 1990). This rather small,  
lightly-silicified species is commonly observed in other Antarctic streams and is in fact hypothesized 
to be an important indicator of change in the McMurdo Dry Valleys  
(Stanish 2011). For example, this species might preferentially colonize high-nutrient areas, such as 
hyporheic up-welling zones (Kohler et al. 2016), and is probably easily mobilized  
and transported in the water column from sediments before being deposited to other habitats such 
as microbial mats (Stanish 2011; Kohler et al. 2015). 
Diatom communities from moss habitats were characterized by species typically reported from 
Antarctic Peninsula moss samples, such as Chamaepinnularia krookiformis,  
Nitzschia kleinteichiana, and Humidophila vojtajarosikii (Kopalová et al. 2014;  
Zidarova et al. 2016). Humidophila vojtajarosikii is a common species on both JRI  
and the South Shetland Islands: it has been reported from all of Livingston Island (reported as 
Diadesmis sp2 in Kopalová et al. 2014), King George Island, Nelson Island,  
and Deception Island (Zidarova, pers. obs.), although rarely exceeding 10% of the total diatom count. 
The largest populations were found in moist terrestrial to submerged aquatic moss vegetation close 
to larger lakes (Kopalová et al. 2015). In limited datasets  
from seepages, diatom communities are dominated by Nitzschia kleinteichiana, the species common 
in every habitat in the Maritime Antarctic, Chamaepinnularia krookiformis  
(most abundant among wet and moist mosses on the shore of small ponds with elevated salinity and 
nutrients), and Luticola muticopsis. The latter species is usually the most abundant in terrestrial 
habitats influenced by sea birds and sea sprays (Zidarova et al. 2016). 
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EFFECT OF ASPECT 
The Maritime Antarctic region is experiencing a temperature increase, which is predicted  
to increase average precipitation in the future (King 1994; Vaughan et al. 2001, 2003;  
Turner et al. 2005). Therefore, I compared two slightly climatically different sites on Vega Island 
(Kopalová pers. obs.). One of them, Cape Lamb, is assumed to be more influenced  
by nearby the JRI, reporting a warmer climate with more precipitation than the other side, 
represented here by Devil’s Bay, which is located more in the precipitation shadow  
of the Antarctic Peninsula with colder weather (Engel et al. 2012).  
I found that of the 118 species identified from Cape Lamb, 34 of them unique for that side. The 
unique species were predominately from Luticola, Planothidium, Psamothidium  
and Stauroneis genera, which probably reflects the differences in sampled habitat types between 
sites. Also, some of these unique species were only represented by one or two valves. In contrast, of 
the 101 species identified in Devil’s Bay, 18 of them were found  
to be unique for this side of the island (Appendix 2). 
Given the unequal diversity in the frequency of habitat types between the two sides,  
I focused quantitative comparisons in the diatom communities on pond habitats, since these were 
the best represented habitats on both sides. Cape Lamb pond communities were largely composed 
of Nitzschia paleacea, Gomphonema maritimo-antarcticum (common mostly in alkaline ponds), 
Nitzschia kleinteichiana, the rather common Antarctic species Psammothidium papilio, and Nitzschia 
annewillemsiana, a species also known from  wet mosses (Hamsher et al. 2016). Devil's Bay ponds 
were similarly dominated  
by Nitzschia kleinteichiana and Nitzschia paleacea, as well as Nitzschia homburgiensis.   
The differences in diversity may be a result of wind currents coming in the south-west direction from 
JRI and by the presence of a precipitation shadow formed by the AP, bearing greater influence on 
Devil’s Bay (Engel et al. 2012). 
The overall similarities between these two sides of the island despite their different position and 
possible different climatic influence may be due to the relatively small spatial scale under 
investigated and the large potential for diatoms to disperse themselves, which may homogenize 
communities across sites. Therefore, it was not possible to suggest  
a community trend that might be possible to anticipate with ongoing climate changes across the 
island. However, the strong patterns by habitat shown in this work can bring a new perspective on 
evaluation of pond sediment paleorecords, as warm periods of deglaciation are connected with an 
increased input of nutrient supply by glacial melt, but also  
with changes in the size and number of aquatic and semi-aquatic habitats. In any case,  
the study of these differences now is necessary, due to irreversible changes that are to come with 
clime change.  
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COMPARISON WITH CLEARWATER MESA 
The biogeographical distribution analysis (Figure 2.1) confirmed that Vega Island belongs  
to the transition zone between Maritime and Continental Antarctic regions. Those results show a 
close similarity to the results from JRI and several others (Kopalová 2013a). However, since a newly 
revised and established fine-grained taxonomy was applied, comparison  
with most studies from this region is difficult. On exception is Clearwater Mesa from nearby JRI 
(Kopalová et al. in review), on which a dataset has been recently generated using  
the same fine-grained taxonomy. Clearwater Mesa (CWM; 64°1´ S, 57°43´ W), located  
in north-central JRI, is a lava-fed delta composed of JRI Volcanic Group rocks  
(Smellie et al. 2013), found in an altitudinal range of ~200–275 m a. s. l. The mesa covers  
an area of ~8 km2 and has a levelled surface (e.g. Johnson et al. 2009). To the east, the wider CWM 
area consists of lower-lying promontory connecting the mesa and the ice cap  
(Roman et al. in press). Also, due to large gradients of chemical characteristics found in lakes, and its 
position in transition zone between Maritime Antarctic region and continental Antarctica (Terauds & 
Lee 2016), CWM potentially represents a biodiversity hotspot  
(Roman et al. in press). Therefore, we compared the diatom communities between these two nearby 
localities in order to put the Vega Island diatom flora into regional context (Figure 7.1). In total, 35 
epipelon, 33 epilithon, 24 moss, and 21 seepage samples were analyzed from CWM by Kopalová (in 
review). 
 
 
Figure 7.1 Principle components analysis (PCA) of dataset from Vega Island and Clearwater Mesa from JRI. 
Diatoms with relative abundances greater than 8 % are plotted. Symbol shapes indicate different habitat type. 
Pond habitats are indicated by circles, moss habitats by diamonds, seepages by squares, and streams by 
triangles.   
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Interestingly, the results of the PCA (Figure 7.1) showed that the samples farther from JRI (Devil’s 
Bay) clustered more closely with CWM than ponds from the opposite side of Vega Island (Cape 
Lamb). This is the opposite of what would be expected given geographical proximity, which might be 
a proxy for dispersal potential and suggest more similar climate conditions. However, clear 
differences are seen between the two islands. 
 
In general, species richness on Vega Island is higher than on CWM. For instance, CWM moss samples 
had an average richness value of 7.2, and some samples revealed only 1 species.  
In CWM pond samples, the average number was 12.3 for epilithon and 10.8 for epipelon.  
In contrast, Vega Island diatom species richness reached an average of 19.20 for ponds  
and 17.5 for moss samples. This could imply more extreme and dry conditions experienced by CWM 
mosses, low variability of moss habitats (e.g. their altitude, nutrients content, etc.), or a combination 
of both. 
 
In general, the diatom diversity of limno-terrestrial Antarctic habitats is much lower than  
in temperate (Jones 1996) and Arctic regions (Douglas et al. 2004; Vyverman et al. 2007) due largely 
from the physical isolation of the Antarctic continent, since it is surrounded by  
a circumpolar ocean (Heywood 1977). For the continent itself, the most diverse region is  
the Antarctic Peninsula (Kopalová 2013a), since it is typically warmer and closer to another continent, 
specifically South America.  
Within Vega Island, the southwest side is both more species rich and diverse than  
the northeast side (Figure 2.7). According to its proximity with JRI, there should be better dispersal 
probability. The same pattern is observed from the lake sediment records.  
The southwest (Esmeralda) sediment record shows higher diversity and species richness than the 
northeast Lake Anonima sediment core. Thus, the results of this study suggest that the same controls 
operating at relatively small timescales also operate over longer temporal scales. Even though this 
pattern is strong (see Figure 6.3 and 6.4) attention should be given to the differences in core ages.  
 
LAKE ESMERALDA CORE 
A total of 86 taxa belonging to 31 genera were found in the topmost 24 cm of the Esmeralda 
sediment core. No significant changes in species distribution were observed; however, under the 25th 
cm, valve abundance rapidly decreased, and in the lower half of the core no valves were found at all. 
This can potentially be explained by dissolution of valves during the early sediment diagenesis. 
However, no physical changes (sedimentation rate, salinity, pH  
as Flower & Ryves (2009) suggest) were observed in the lower part of the sediment core  
to confirm these hypotheses. 
One of the most striking characteristics of this core is that the topmost 25 cm of the core are 
dominated by Microcostatus australoshetlandicus. M. australoshetlandicus was described from a soil 
sample (pH = 6.95) from Deception Island, though the species is only rarely observed in the Maritime 
Antarctic region. For example, on Livingston Island, only very small populations were found in small 
pools and almost dry mosses (Zidarova et al. 2016).  
The analyzed modern material from Vega Island did not contain this species aside from one 
exception- recent samples from Lake Esmeralda (see Chapter 2), though the relative abundances of 
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M. australoshetlandicus in those samples never exceeded 2 %.  
The occurrence of M. australoshetlandicus only in Lake Esmeralda could be explained by its 
hydrologic isolation, since the lake is not fed by any streams, and it could be a remnant  
of a past diatom community in this region. 
 
 
Figure 7.2 SEM photo of Microcostatus australoshetlandicus from Zidarova et al. 2016, p. 145, Figures 18,19, 
scale bar = 5 μm 
 
Other species common in the Esmeralda core were Nitzschia kleinteichiana  
and Psammothidium papilio. Those are commonly found in lakes from Maritime Antarctic region, 
though usually at lower conductivity (Zidarová et al. 2016). 
From the observations of the environmental preferences of the diatom composition we can assume 
that Lake Esmeralda was permanently watered and never developed intense moss cover because not 
many aerophilic genera, such as Luticola, Humidophila, or Muelleria, were found, and no species 
from these genera dominated the core.  
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Comparison of Esmeralda core with the recent samples from Cape Lamb 
PCA results (Figure 7.3) of the combined dataset of the recent material and the Esmeralda sediment 
core shows that the entire sediment core can be considered an outlier relative  
to the recent samples, indicating that the diatom assemblages in the sediment core never closely 
resembled any of the recent samples throughout the history of the core, with  
an exception being the recent samples from Lake Esmeralda. 
 
 
 
Figure 7.3 Principle components analysis (PCA) of Esmeralda core samples and recent samples from Cape 
Lamb. Diatoms with relative abundances greater than 8 % are plotted.  Recent pond habitats are indicated by 
blue circles, sediment core samples by brown circles, moss habitats by green diamonds, seepages by black 
squares, and streams by red triangles. Yellow circles with thick outlines indicate the recent samples from Lake 
Esmeralda.  Diatom codes are superimposed onto Figure (key for species abbreviations are available in 
Appendix 2). 
While this could be caused by differences in sampled pond habitats, since the sediment core was 
taken in the center of Esmeralda lake thus represents a benthic (and possibly epipelic) diatom 
community, the recent samples of epilithic diatom communities from Esmeralda also cluster with the 
core samples. Another reason for these differences may be the already stated fact that Lake 
Esmeralda does not have any inflow. Therefore, the diatom flora within the lake may relatively 
isolated from other waterbodies. 
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LAKE ANONIMA CORE 
In total, 29 sediment samples were analyzed from Lake Anonima sediment core.  
80 species were observed belonging to 26 different genera. Changes in richness and diversity 
throughout the sediment core were observed with more fluctuating values in biozones 1  
and 2 and with richness and diversity peak in biozone 4 (see Chapter 5). Evenness showed the 
highest values in biozone 2 (Čejka et al. in review). The core was dominated by Nitzschia genera, 
especially Nitzschia velazqueziana, which is a species known from lakes and pools with a slightly 
alkaline pH (7.3-7.7) and low to moderately high conductivity (50–600 μS/cm). Large populations of 
this diatom were also observed on wet mosses on JRI  
and South Shetland Islands (Zidarova et al. 2016). 
 
 
 
Figure 7.4 SEM photo of Nitzschia velazqueziana from Hamsher et al. 2016, p. 96, Figures 198, 199, scale 
bar = 10 μm 
 
In general biozone 1 of the core is dominated by species common from lakes with neutral  
to alkaline pH and rather low conductivity level. Biozone 2 is largely dominated with species known 
from mosses and cyanobacterial mats. Biozones 3 and 4 are again dominated mainly by aquatic 
species (see Chapter 5).  
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Comparison of Anonima core with the recent samples from Devil’s Bay  
PCA results (Figure 7.5) showed differences between the entire sediment core and recent Devil’s Bay 
material on axis 1. Interestingly, there was no clear association with Anonima core samples and 
modern material from different habitats, as communities from recent samples showed greater 
resemblance to each other than with paleo-assemblages. While  
the differences between these assemblages may again be caused by differences in pond habitat of 
core samples, one other possibility is that Lake Anonima is connected to a stream system, unlike Lake 
Esmeralda, which facilitate species transport. In addition, Lake Anonima exhibits underground 
drainage into surface streams and the nearby lake systems  
(Čejka et al. in review). 
 
Figure 7.5 Principle components analysis (PCA) of Anonima sediment core and Devil’s Bay recent samples. 
Diatoms with relative abundances greater than 8 % are plotted.  Recent pond habitats are indicated by blue 
circles, sediment core samples by brown circles, moss habitats by green diamonds, seepages by black squares, 
and streams by red triangles. Diatom codes are superimposed onto Figure (key for species abbreviations are 
available in Appendix 2). 
 
While there were differences in the core that were associated with other factors allowing for the 
differentiation of biozones, these differences were overall trivial in the context of  
the overall variability observed in diatom communities on the northeast side of Vega Island, thus the 
core diatoms cluster apart from the recent material.   
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Summary comparison of the entire Vega dataset  
Finally, a PCA was generated for the entire dataset from Vega Island (Figure 7.6).  
Lake  Esmeralda core together with the two samples of modern material were distinct from the rest 
of the dataset, emphasizing their uniqueness on Vega Island and the region. Furthermore, and 
supported our notions above, Lake Anonima samples clustered most closely with streams, suggesting 
that these assemblages are at least partially constructed with inputs from stream water. 
 
 
 
Figure 7.6 The principal component analysis (PCA) of the entire Vega dataset. Pond habitats are indicated by 
blue circles (core samples by brown circles), moss habitats by green diamonds, seepages by black squares,  
and streams by red triangles. Symbols for north sites are filled, and south sites are represented by outlines 
only. 
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OVERALL CONCLUSIONS 
Unique diatom communities were found among the different habitat types investigated on Vega 
Island. Altogether, 136 taxa were identified belonging to 31 genera, and their known distributions 
support the notion that Vega Island is a transitional zone between the Maritime Antarctic and 
Continental bioregions. Habitat type was found to be a crucial factor in determining diatom 
community structure, with moss habitats characterized by their relatively high abundances of 
Chamaepinnularia krookiformis, and together with ponds showed the greatest richness and diversity 
of the different habitat types. Stream habitats were separated by their abundances of the small 
diatom Fistulifera pelliculosa, while pond habitats were separated from the others by their 
abundances of Nitzschia paleacea. Overall, the diatom flora on the southwest side was more diverse 
and species rich than northeast side. 34 unique species have been identified on southwest side, 
whereas only 18 species were found to be unique on northeast side. Also, a new species was 
described during the analyses belonging to the genus Hantzschia. 
The modern diatom communities were then compared with paleo-assemblages characterized from 
sediment cores extracted from prominent lakes on both sides of the island. For the sediment cores 
together, 134 diatom species were identified. Those cores differed substantially from each other in 
their species richness and diversity, suggesting different histories for each lake. However, diatom 
assemblages were relatively uniform throughout both, and reflected the differences in richness and 
diversity observed in modern communities (even though the diatom communities differed 
substantially from the present ones), suggesting that similar drivers of diversity are operating over 
both modern and distant timescales.   
Collectively, this survey expands ongoing research of diatom diversity and distributions on Maritime 
Antarctic islands, and improves our knowledge of factors structuring past and modern diatom 
communities in this region, revealing that both habitat and spatial controls are prominent.  
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List of recent samples and its environmental characteristics 
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Appendix 1 List of recent samples and its environmental characteristics. 
Sample code Sample name 
Sampling 
location 
Sampling date 
Altitude 
(m) 
Coordinates (GPS) pH Conductivity Pielou Richness Shannon 
Habitat 
type 
L_NE_1 L1-F1 Devil’s Bay 16.1.2013 14 63.82123333 57.32266667 9.22 370 0.656 22 2.029 lake 
L_NE_2 L2-F1 Devil’s Bay 16.1.2013 16 63.82216667 57.32553333 8.9 156 0.788 45 3.000 lake 
L_NE_3 L3-F1 Devil’s Bay 16.1.2013 16 63.82151667 57.32506667 8.7 235 0.698 23 2.189 lake 
L_NE_4 L4- F1 Devil’s Bay 16.1.2013 16 63.82141667 57.32508333 9.75 320 0.856 37 3.091 lake 
L_NE_5 L5-F1 Devil’s Bay 16.1.2013 13 63.82141667 57.3252 9.7 220 0.646 16 1.790 lake 
L_NE_6 L6-F1 Devil’s Bay 16.1.2013 4 63.8185 57.33111667 9.4 560 0.555 16 1.538 lake 
L_NE_7 L8-F1 Devil’s Bay 17.1.2013 12 63.82105 57.33008333 9.3 240 0.556 6 0.996 lake 
L_NE_8 L12-F1 Devil’s Bay  17.1.2013 2 63.81612 57.32415 9.6 580 0.721 14 1.904 lake 
L_NE_9 L13-F1 Devil’s Bay 18.1.2013 19 63.82502 57.33007 9 180 0.763 11 1.830 lake 
L_NE_10 L14-F1 Devil’s Bay 18.1.2013 13 63.82241667 57.33383333 9.3 435 0.751 17 2.127 lake 
L_NE_11 L18-F1 Devil’s Bay 18.1.2013 47 63.82633333 57.31726667 9.1 130 0.438 20 1.312 lake 
L_NE_12 L19-F1 Devil’s Bay 19.1.2013 23 63.81968333 57.3164 9.6 235 0.473 16 1.312 lake 
L_NE_13 L20-F1 Devil’s Bay 19.1.2013 9 63.81535 57.30463333 9.1 320 0.638 8 1.327 lake 
L_NE_14 L21-F1 Devil’s Bay 19.1.2013 8 63.81565 57.30466667 9.3 320 0.668 15 1.808 lake 
L_NE_15 L23-F1 Devil’s Bay 20.1.2013 28 63.82101667 57.3173 9.1 140 0.661 29 2.226 lake 
L_NE_16 L28-F1 Devil’s Bay 20.1.2013 24 63.82186667 57.30888333 9.3 110 0.553 17 1.567 lake 
L_NE_17 L29-F1 Devil’s Bay 20.1.2013 24 63.8214 57.3088 10 160 0.634 23 1.987 lake 
L_NE_18 L31-F1 Devil’s Bay 21.1.2013 9 63.81953333 57.32791667 8.65 157 0.375 11 0.900 lake 
L_NE_19 L33-F1 Devil’s Bay 23.1.2013 23 63.8201 57.31 10.4 260 0.421 9 0.926 lake 
L_NE_20 L37-F1 Devil’s Bay 30.1.2013 28 63.82005 57.32403333 8.5 229 0.650 18 1.878 lake 
L_NE_21 L38-F1 Devil’s Bay 30.1.2013 31 63.82036667 57.32555 9.25 202 0.719 15 1.947 lake 
L_NE_22 L40-F1 Devil’s Bay 1.2.2013 56 63.82676667 57.32838333 8.8 130 0.306 11 0.734 lake 
L_NE_23 L43-E Devil’s Bay 11.2.2013 247 63.79433333 57.36275 9.5 54 0.267 7 0.520 lake 
L_NE_24 L45-E Devil’s Bay 11.2.2013 218 63.79055 57.36131667 9 92 0.473 17 1.341 lake 
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L_NE_25 R1  Devil’s Bay             0.551 11 1.322 lake 
Appendix 1 continued 
            
Sample code Sample name 
Sampling 
location 
Sampling date 
Altitude 
(m) 
Coordinates (GPS) pH Conductivity Pielou Richness Shannon 
Habitat 
type 
L_SW_26 L1E  Cape Lamb 8.2.2014   63.86745 57.61853 8 301 0.266 9 0.584 lake 
L_SW_27 L2 ESM  Cape Lamb 9.2.2014 68 63.87375 57.60696 5.5 420 0.619 38 2.252 lake 
L_SW_28 L3 EPP  Cape Lamb 10.2.2014 43 63.87535 57.61427 8.77 664 0.596 24 1.894 lake 
L_SW_29 L4 EPP  Cape Lamb 11.2.2014 23 63.86724 57.62341 10.4 455 0.640 15 1.733 lake 
L_SW_30 EPL ESM  Cape Lamb             0.597 34 2.107 lake 
L_SW_31 LMR1EPP  Cape Lamb 11.2.2014   63.86281 57.62299 9.92   0.699 23 2.192 lake 
L_SW_32 LMR4EPPC  Cape Lamb 11.2.2014 61 63.86272 57.62029 10.2 401 0.702 22 2.170 lake 
L_SW_33 pool154  Cape Lamb             0.696 27 2.295 lake 
L_SW_34 pool163  Cape Lamb             0.802 28 2.671 lake 
L_SW_35 pool165  Cape Lamb 
 
          0.816 24 2.592 lake 
L_SW_36 pool167E  Cape Lamb              0.784 27 2.583 lake 
L_SW_37 LMR2E  Cape Lamb  11.2.2014   63.86262 57.62169 9.93 458 0.605 17 1.713 lake 
L_SW_38 LMR3  Cape Lamb  11.2.2014   63.86251 57.62156 9.83 349 0.574 5 0.924 lake 
L_SW_39 LMR5E  Cape Lamb  11.2.2014   63.8617 57.62787 9.25 209 0.317 5 0.510 lake 
L_SW_40 pool 164E  Cape Lamb      63.87194 57.53972 9.89 729 0.616 9 1.353 lake 
ST_NE_41 S1A Devil’s Bay  7.2.2013       10.1 184 0.324 6 0.581 stream 
ST_NE_42 S2A  Devil’s Bay  17.1.2013       8.65 285 0.600 18 1.735 stream 
ST_NE_43 S3A  Devil’s Bay  17.1.2013       9 180 0.562 10 1.295 stream 
ST_NE_44 S5-A  Devil’s Bay  17.1.2013       9 86 0.241 7 0.469 stream 
ST_SW_46 STRE168 Cape Lamb  25.1.2013       9.92 237 0.366 9 0.804 stream 
ST_NE_45 X1-E Devil’s Bay              0.659 26 2.030 stream 
ST_NE_47 X2-E  Devil’s Bay          8.9 190 0.623 11 0.774 stream 
ST_NE_48 X5-E  Devil’s Bay          9.29 120 0.323 5 0.631 stream 
ST_NE_49 X6-E  Devil’s Bay          9.12 120 0.392 10 0.503 stream 
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ST_NE_50 X7E  Devil’s Bay          8.87 118 0.219 8 0.264 stream 
Appendix 1 Continued 
Sample code Sample name 
Sampling 
location 
Sampling date 
Altitude 
(m) 
Coordinates (GPS) pH Conductivity Pielou Richness Shannon 
Habitat 
type 
ST_NE_51 X9E Devil’s Bay  26.1.2013       9.15 184 0.127 15 1.671 stream 
M_NE_54 M4 Devil’s Bay  18.1.2013   63.82162 57.32407 8.8 210 0.646 17 1.830 moss 
M_NE_55 M6 Devil’s Bay              0.164 4 0.228 moss 
M_NE_56 M7  Devil’s Bay  20.1.2013       9.5 80 0.582 11 1.396 moss 
M_SW_57 M1 Cape Lamb              0.463 17 1.311 moss 
M_SW_58 M161  Cape Lamb              0.518 18 1.496 moss 
M_SW_59 ML4  Cape Lamb              0.641 15 1.735 moss 
M_SW_60 ML3  Cape Lamb              0.603 17 1.709 moss 
M_SW_61 M2  Cape Lamb              0.699 19 2.059 moss 
M_SW_62 M151  Cape Lamb              0.653 17 1.850 moss 
M_SW_63 m163  Cape Lamb              0.687 19 2.022 moss 
M_SW_64 m152  Cape Lamb              0.632 20 1.894 moss 
M_SW_65 m165  Cape Lamb              0.742 16 2.057 moss 
M_SW_66 m160  Cape Lamb              0.813 23 2.550 moss 
M_SW_67 
pool167 epp 
m 
 Cape Lamb              0.772 27 2.543 moss 
M_SW_68 m stream168  Cape Lamb              0.775 21 2.360 moss 
SE_NE_69 S11-A Devil’s Bay  1.2.2013       8.9 94 0.590 17 1.671 seepage 
SE_NE_70 S4-A  Devil’s Bay  17.1.2013       9 260 0.430 9 0.945 seepage 
SE_SW_71 SP1 Cape Lamb  8.2.2014   63.86434 57.61686 9.59 263 0.115 17 1.432 seepage 
SE_NE_72 S7-A Devil’s Bay  20.1.2013       9.4 140 0.505 6 0.205 seepage 
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Appendix 1 Continued 
Sample 
code 
Acid 
neutralization 
Na K Ca
2
 SO4
2
 Cl TN DN TP DOC F NH4_N NO3_N NO2_N 
L_NE_1 0.83 40.8 2.11 9.8 3.3 80.7 2.16 1.64 0.0945 20.6 0.0392 0.057 0.0186 0.004 
L_NE_2 0.571 15.1 0.86 5.13 4.6 24.3 0.32   0.0162 1.65 0.028 0.037 0.0107 0.001 
L_NE_3 0.83 19.2 0.787 2.99 7.5 26.7 0.37   0.0226 0.77 0.0201 0.074 0.146 0.001 
L_NE_6 0.726 76.9 4.16 43.8 83.1 394 1.13 1.7 0.0101 6.78 0.0509 0.045 0.0099 0.001 
L_NE_8 0.861 87 5.29 3.3 26.5 270 1.43 1.32 0.115 1.78 0.0975 0.049 3.6 0.047 
L_NE_11 0.156 7.29 0.359 0.847 1.21 10.4 0.29   0.0314 1.26 0.0279 0.017 0.0476 0 
L_NE_12 0.965 32.2 0.851 3.69 4.75 28.6 0.41   0.0886 1.56 0.0283 0.059 0.298 0.001 
L_NE_14 0.342 14.7 1.1 1.49 31 8.75 0.28   0.148 1.59 0.0777 0.045 0.0339 0.016 
L_NE_15 0.674 23.3 0.651 3.37 5.34 34 0.45   0.0489 2.33 0.0289 0.083 0.0248 0.001 
L_NE_16 1.66 26.7 0.841 1.54 6.33 20.8 0.33   0.144 1.22 0.0548 0.005 0.406 0.002 
L_NE_21 0.747 24.8 1.13 8.31 8.4 35.5 0.51   0.0439 0.63 0.042 0.002 1.11 0.001 
L_NE_22 0.467 16.9 0.771 3.8 2.56 24.2 0.26   0.0429 0.87 0.0446 0.004 0.128 0.001 
L_SW_28 0.969 96.7 2.15 29.1 37.3 129 1 0.91 0.015 6.31 0.0714 0.0204138 0.0046 0.028 
L_SW_29 0.51 73.6 1.41 7.3 17.5 91.2 0.8 0.75 0.015 2.72 0.0293 0.072 0.005 0.008 
L_SW_32 0.582 58.5 1.12 4.45 27.4 65.9 0.46   0.015 1.73 0.0403 0.0262069 0.0076 0.006 
ST_NE_41 0.571 24.5 0.841 3.37 5.94 29.3 0.49   0.0761 0.75 0.0454 0.003 1.9 0.001 
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APPENDIX 2 – List of all observed species in the investigated recent samples from Vega Island. Distribution: MA= Maritime Antarctic Region, MA/CA = Maritime and Continental Antarctic 
Region, MA/SA = Maritime and Sub- Antarctic Region, MA/AM= Maritime Antarctic and South America, SH=Southern Hemisphere, CA/MA/AM= Continental and Maritime Antarctic and 
South America, MA/CA/SA = entire Antarctic Region, C = Cosmopolitan, U= Unknown. 
 
code Taxon name 
Distribution 
Region 
Livingston 
Island 
James Ross 
Island 
Vega Island 
Cape 
Lamb 
Devil's 
Bay 
ACHCOA Achnanthes coarctata (Brébisson) Grunow C x x x x 
ACHMUE Achnanthes muelleri Carlson MA/SA x x x x 
ACHTAY Achnanthes taylorensisD.E.Kellogg Stuiver T.B.Kellogg & G.H.D.Denton MA/CA   x x   
ACHAUS Achnanthidium australexiguum Van de Vijver MA     x x 
AMPMAR Amphora sp. U       x 
CALAUS Caloneis australis Zidarova, Kopalová & Van de Vijver MA     x x 
CRAANT Craticula antarctica Van de Vijver & Sabbe MA/CA x x x x 
CRAOBA Craticula obaesa Van de Vijver, Kopalová &Zidarová MA     x x 
CRARSP Craticula sp. U     x   
CRAL21 Craticula sp. L21 U       x 
DENJAM Denticula jamesrossensis Van de Vijver, Kopalová, Kociolek & Ector MA     x x 
FISPEL Fistulifera pelliculosa (Brébisson) Lange-Bertalot C       x 
FRACPA Fragilaria cf. Parva Tuji & D.M.Williams C       x 
GEIGAB Geissleria gabrielae Van de Vijver & Zidarova MA x x   x 
GOMJAM Gomphonema jamesrossense Van de Vijver, Kopalová, Zidarova &Kociolek MA     x x 
GOMMAN Gomphonema maritimo-antarcticum Van de Vijver, Kopalová, Zidarova &Kociolek MA     x x 
GOMPSP Gomphonema sp. U     x   
HALAUO Halamphora cf. ausloosiana U     x x 
HALASP Halamphora sp. U     x x 
HALGHO Halamphora sp. ghost U     x x 
163 
 
APPENDIX 2 – (continued) 
code Taxon name 
Distribution 
Region 
Livingston 
Island 
James Ross 
Island 
Vega Island 
Cape 
Lamb 
Devil's 
Bay 
HALVEN Halamphora veneta (Kützing) Levkov C       x 
HANABU Hantzschia abundans Lange-Bertalot C x x x x 
HANAMU Hantzschia amphioxys f. muelleri Ts.Ko-Bayashi CA/MA/AM     x x 
HANCAB Hantzschia cf. abundans Lange-Bertalot C     x x 
HANHYP Hantzschia hyperaustralis Van de Vijver & Zidarova MA/CA x x x x 
HANINC Hantzschia incognita Zidarova & Van de Vijver MA x   x x 
HANTSP Hantzschia sp. U     x x 
HANSPH Hantzschia sp. 1 U     x   
HANSPM Hantzschia sp. M2 U       x 
HUMAUS Humidophila australis (Van de Vijver & Sabbe) R.L.Lowe et al. MA/CA     x x 
HUMASH Humidophila australoshetlandica Kopalová, Zidarova & Van de Vijver MA       x 
HUMINC Humidophila incounspicua (Kopalová&Van de Vijver) R.L.Lowe et al. MA     x x 
HUMKEI Humidophila keiliorum Kopalová MA     x x 
HUMNIE Humidophila nienta (Carter) R.L.Lowe et al. SH     x   
HUMSCE Humidophila sceppacuerciae Kopalová MA     x x 
HUMISP Humidophila sp. U     x x 
HUMVOJ Humidophila vojtajarosikii Kopalová, Zidarova & Van de Vijver MA     x x 
CHAAME Chamaepinnularia australomediocris (Lange-Bertalot & R.Schmidt) Van de Vijver  MA/SA x x x x 
CHACKR Chamaepinnularia cf. krookiiformis (Krammer) Lange-Bertalot & Krammer C     x   
CHAGER Chamaepinnularia gerlachei Van de Vijver & Sterken MA x x x x 
CHAKRO Chamaepinnularia krookii (Grunow) Lange-Bertalot & Krammer C x     x 
CHAKRF Chamaepinnularia krookiiformis (Krammer) Lange-Bertalot & Krammer C x x x x 
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APPENDIX 2 – (continued) 
code Taxon name 
Distribution 
Region 
Livingston 
Island 
James Ross 
Island 
Vega Island 
Cape 
Lamb 
Devil's 
Bay 
CHAMSP Chamaepinnularia sp. U     x x 
LUTADE Luticola adelae Van de Vijver & Zidarova MA     x x 
LUTAND Luticola andina Levkov, Metzeltin & Pavlov MA/AM     x   
LUTAMU Luticola australomutica Van de Vijver MA x x x x 
LUTATL Luticola austroatlantica Van de Vijver. Kopalová. S.A.Spaulding & Esposito MA/CA x x x x 
LUTCON Luticola contii Zidarova, Levkov & Van de Vijver MA     x   
LUTDEL Luticola delicatula Van de Vijver, Kopalová, Zidarova & Levkov MA       x 
LUTDES Luticola desmetii Kopalova & Van de Vijver MA   x x   
LUTDOL Luticola doliiformis Kopalová & Van de Vijver MA   x x x 
LUTGIG Luticola gigamuticopsis Van de Vijver MA x x x x 
LUTHIG Luticola higleri Van de Vijver. Van Dam & Beyens  MA x x x x 
LUTMUT Luticola muticopsis (Van Heurck) D.G.Mann MA/CA/SA x x x x 
LUTNEG Luticola neglecta Zidarova, Levkov & Van de Vijver MA     x x 
LUTOLG Luticola olegsakharovii Zidarova, Levkov & Van de Vijver MA     x   
LUTPMU Luticola permuticopsis Kopalová & Van de Vijver MA x x x x 
LUTPUS Luticola pusilla Van de Vijver. Kopalová. Zidarova & Levkov MA x x x x 
LUTRAY Luticola raynae Zidarova & Van de Vijver MA     x x 
LUTISP Luticola sp. U     x x 
LUTSP1 Luticola sp. 1 U     x x 
LUTKUM Luticola sp. 2 U     x   
LUTSPP Luticola sp. 518 U     x   
LUTSPM Luticola sp. M163 U     x   
LUTSCR Luticola subcrozetensis Van de Vijver, Kopalová, Zidarova & Levkov SH     x x 
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APPENDIX 2 – (continued) 
code Taxon name 
Distribution 
Region 
Livingston 
Island 
James Ross 
Island 
Vega Island 
Cape 
Lamb 
Devil's 
Bay 
LUTTOM Luticola tomsui Kopalová  MA   x   x 
LUTTRU Luticola truncata Kopalová & Van de Vijver MA x x x x 
LUTVDV Luticola vandevijveri Kopalová. Zidarova & Levkov MA x x x x 
LUTVRM Luticola vermeulenii Van de Vijver MA x x x x 
MAYCAT Mayamaea cf. atomus (Kützing) Lange-Bertalot C     x x 
MAYEXC Mayamaea excelsa (Krasske) Lange-Bertalot C   x x x 
MAYJEL Mayamaea josefelsterii Kopalová Nedbalová & Van de Vijver  MA x x x x 
MAYPER Mayamaea permitis (Hustedt) Bruder & Medlin C x x x x 
MAYASP Mayamaea sp. U     x x 
MAYSWE Mayamaea sweetloveana Zidarova, Kopalová & Van de Vijver MA       x 
MICASH Microcostatus australoshetlandicusVan de Vijver. Kopalová. Zidarova & Cox MA x   x   
MICNAU Microcostatus naumannii (Hustedt) Lange-Bertalot C x x x x 
MUECRG Muelleria regigeorgiensis Van de Vijver & S.A.Spaulding  MA x x   x 
MUELSP Muelleria sp. U     x x 
MUESSB Muelleria subsabbei Van de Vijver, Zidarova & Kopalová MA     x   
NAVASH Navicula australoshetlandica Van de Vijver MA x   x x 
NAVCPM Navicula cf. perminuta U     x   
NAVCRE Navicula cremeri Van de Vijver & Zidarova MA x x x x 
NAVDOB Navicula dobrinatemniskovae Zidarova & Van de Vijver MA x   x   
NAVGRE Navicula gregaria Donkin C x x x x 
NAVMAR Navicula marine U     x x 
NAVROM Navicula romanedwardii Zidarova, Kopalová & Van de Vijver MA     x x 
NAVISP Navicula sp. U     x x 
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APPENDIX 2 – (continued) 
code Taxon name 
Distribution 
Region 
Livingston 
Island 
James Ross 
Island 
Vega Island 
Cape 
Lamb 
Devil's 
Bay 
NITGRA Nitzchia gracilis Hantzsch  C x x x x 
NITANN Nitzschia annewillemsiana Hamsher, Kopalová, Kociolek, Zidarova & Van de Vijver MA     x x 
NITACM 
Nitzschia australocommutata Hamsher, Kopalová, Kociolek, Zidarova & Van de 
Vijver 
MA/CA     x x 
NITCST Nitzschia cf. stelmachpessiana MA     x   
NITCWI Nitzschia cf. wilmotteana MA     x x 
NITHMB Nitzschia homburgiensis Lange-Bertalot C x x x x 
NITKLE Nitzschia kleinteichiana Hamsher, Kopalová, Kociolek, Zidarova & Van de Vijver MA     x x 
NITPAL Nitzschia paleacea Grunow C x x x x 
NITSOR Nitzschia soratensis E.Morales & Vis C     x x 
NITZSP Nitzschia sp. U     x x 
NITVEL Nitzschia velazqueziana Hamsher, Kopalová, Kociolek, Zidarova & Van de Vijver MA     x x 
ORTCRO Orthoseira cf. roeseana C       x 
PINAMI Pinnularia australomicrostauronZidarova. Kopalová & Van de Vijver MA x x x x 
PINASC Pinnularia australoschoenfelderi Zidarova Kopalová & Van de Vijver  MA x x x   
PINBSL Pinnularia borealis s. l. C     x x 
PINBVP Pinnularia borealis var. pseudolanceolata Van de Vijver & Zidarova MA x x x x 
PINMAG Pinnularia magnifica Zidarova Kopalová & Van de Vijver MA x   x   
PINNSP Pinnularia sp. U     x   
PLAAUS Placoneis australis Van de Vijver & Zidarova MA     x x 
PLAAST Planothidium australe (Manguin) R. Le Cohu MA/SA x x x x 
PLACAP Planothidium capitatum (O.Müller) Van de Vijver, Kopalová, C.E.Wetzel & Ector MA/AM     x x 
PLACTE Planothidium cf. capitatum (O.Müller) Van de Vijver, Kopalová, C.E.Wetzel & Ector MA/AM     x   
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APPENDIX 2 – (continued) 
code Taxon name 
Distribution 
Region 
Livingston 
Island 
James Ross 
Island 
Vega Island 
Cape 
Lamb 
Devil's 
Bay 
PLAFTE Planothidium cf. frequentissimum (Lange-Bertalot) Round & Bukhtiyarova C     x   
PLARQU Planothidium cf. renei U     x   
PLAFRQ Planothidium frequentissimum (Lange-Bertalot) Round & Bukhtiyarova C x x x x 
PLARLA Planothidium rostrolanceolatum Van de Vijver, Kopalová & Zidarova MA       x 
PLANSP Planothidium sp. U     x x 
PLACPS Planothidium sp.1 U     x   
PSAARE Psammothidium aretasii (Manguin) Le Cohu C x   x   
PSACON Psammothidium confusoneglectum Kopalová, Zidarova & Van de Vijver MA     x   
PSAGII Psammothidium germainii (Manguin) Sabbe MA/SA x x   x 
PSAGES Psammothidium germainioides Van de Vijver, Kopalová & Zidarova MA     x   
PSAICG Psammothidium incognitum (Krasske) Van de Vijver C x   x   
PSAPAP Psammothidium papilio (Kellogg et al.) Kopalová & Van de Vijver MA/CA x x x x 
PSARGI Psammothidium rostrogermainii Van de Vijver, Kopalová & Zidarova MA/CA     x x 
PSASAT Psammothidium subatomoides (Hustedt) Bukhtiyarova & Round  C x x x   
SELANT Sellaphora antarctica Kopalová, Zidarova & Van de Vijver MA     x x 
SELGRA Sellaphora gracillima Kopalová, Zidarova & Van de Vijver MA     x   
SELJRO Sellaphora jamesrossensis (Kopalová & Van de Vijver) Van de Vijver & C.E.Wetzel MA     x x 
STAINE Stauroforma inermis Flower, Jones & Round SH     x x 
STAAUS Stauroneis australobtusa MA     x   
STADEL Stauroneis delicata Zidarova, Kopalová & Van de Vijver MA     x   
STALAT Stauroneis latistauros Van de Vijver & Lange-Bertalot MA/CA x x x x 
STAPMU Stauroneis pseudomuriella Van de Vijver & Lange-Bertalot MA/SA x x x x 
STAPOT Staurosira pottiezii Van de Vijver MA       x 
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APPENDIX 2 – (continued) 
code Taxon name 
Distribution 
Region 
Livingston 
Island 
James Ross 
Island 
Vega Island 
Cape 
Lamb 
Devil's 
Bay 
STAURO Staurosirella sp. U     x   
TRYDEB Tryblionella debilis Arnott C     x x 
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Appendix 3 List of diatom taxa observed within the Lake Esmeralda sediment core. 
TAXON NAME CODE TAXON NAME CODE 
Achnanthes taylorensis AchTay Microcostatus naumanii MicNau 
Brachysira minor  BraMin Muelleria kratka MueKra 
Caloneis australis CalAus Muelleria sp Muesp 
Caloneis short Calshor Navicula australoshetlandica NavAus 
Chama sp suspicious ChaSuspi Navicula cf. perminuta-marine Navmar 
Chamaepinnularia  australomediocris ChaAus Navicula cf. shackletoni NavSha 
Chamaepinnularia antarctica ChaAnt Navicula cf. glaciei NavGla 
Chamaepinnularia elliptica ChaEli Navicula dobrinatemniskovae NavDob 
Chamaepinnularia gerlachei ChaGer Navicula gregaria NavGre 
Chamaepinnularia krookiformis ChaKro Navicula romanedwardii NavRom 
Chamaepinnularia s. l. Chasen Navicula s. l. Navsen 
Denticula jamesrossensi DenJam Nitzschia homburgiensis NitHom 
Fragilaria cf. parva FraPar Nitzschia paleacea NitPal 
Fragilariopsis cylindrus FraCyl Nitzschia sp Nitsp 
Gomphonema cf. parvulum GomPar Nitzschia kleinteichiana NitKlei 
Gomphonema maritimo-antarcticum GomAnt Pinnularia australomicrostauron PinAmi 
Gomphonema s. l. Gomsen Pinnularia australoschoenfelderi PinAsf 
Hantzschia abundans HanAbu Pinnularia borealis s. l. PinBor 
Hantzschia amphyoxis HanAmp Pinnularia borealis var. pseudolanceolata PinPla 
Hantzschia confusa HanCon Pinnularia cf. divergens PinDiv 
Hantzschia sp Hansp Pinnularia livingstonensis PinLiv 
Humidophila australoshetlandica HumAus Pinnularia magnifica PinMag 
Humidophila inconspicua HumInc Pinnularia s. l. PinSen 
Humidophila keiliorum HumKei Pinnularia strictissima PinStr 
Humidophila nienta HumNie Placoneis australis PlaAust 
Humidophila sceppaceurciae HumSce Planothidium australe PlaAus 
Humidophila sensu Humsen Planothidium capitatum PlaCap 
Humidophila vojtajarosikii HumVoj Planothidium cf. frequentissimum PlaFre 
Luticola australomutica LutAus Planothidium s. l.  Plasen 
Luticola doliiformis LutDol Psammothidium cf. abundans PsaAbu 
Luticola higleri LutHig Psammothidium aretasii PsaAre 
Luticola katkae LutKat Psammothidium germainioides PsaGer 
Luticola sp minipusilla LutPum Psammothidium incognitum PsaInc 
Luticola neglecta LutNeg Psammothidium manguinii asi PsaMan 
Luticola olegsakharovii LutOle Psammothidium papilio PsaPap 
Luticola permuticopsis LutPer Psammothidium subatomoides PsaSub 
Luticola pusilla LutPus Psammothidium rostrogermainii PsaRge 
Luticola raynae LutRay Psammothidium s. l.  Psasen 
Luticola s. l. Lutsen Psammothidium superpapilio PsaSpa 
Luticola vermueleni LutVer Sellaphora antarctica  SelAnt 
Luticola subcrozetensis LutSub Sellaphora nana SelNan 
Mayamaea josefelsteri MayJos Stauroneis latistauros StaLat 
Mayamaea permitis MayPer Stauroneis minutula StaMin 
Mayamaea s. l. Maysen Stauroneis pseudomuriella StaPse 
Microcostatus australoshetlandicus MicAus Stauroneis s. l. StaSen 
    Tryblionella debilis TryDeb 
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Appendix 4 List of diatom taxa observed  within the Lake Anonima sediment core.  
TAXON NAME CODE TAXON NAME CODE 
Adlafia submuscora AdlSub Navicula gregaria NavGre 
Achnanthes coarctata AchCoa Neidium antarcticum NeiAnt 
Achnanthes muelleri AchMue Nitzschia annewillemsiana NitAnw 
Achnanthidium australexiguum AchAus Nitzschia gracilis NitGra 
Brachysira minor BraMin Nitzschia homburgiensis NitHom 
Caloneis australis CalAus Nitzschia kleinteichiana NitKle 
Craspedostauros laevissiumus CraLae Nitzschia paleacea NitPal 
Craticula antarctica CraAnt Nitzschia soratensis NitSor 
Craticula cf. obaesa CraOba Nitzschia valazqueziana NitVal 
Craticula subpampeana CraSub Orthoseira roeseana OrtRoe 
Fragilaria cf. Parva FraPar Pinnularia australoglobiceps PinAug 
Gomphonema jamesrossense GomJam Pinnularia australomicrostauron PinAus 
Gomphonema maritimo-antarcticum GomAnt Pinnularia australoschoenfelderi PinAum 
Hallamphora oligotraphenta HalOli Pinnularia borealis PinBor 
Hantzschia abundans HanAbu Pinnularia microstauroides PinMic 
Hantzschia amphioxys HanAmx Pinnularia splendida PinSpl 
Hantzschia hyperaustralis HanHyp Placoneis australis PlcAus 
Humidophila arcuata HumArc Planothidium australe PlaAus 
Humidophila australis HumAus Planothidium capitatum PlaCap 
Humidophila keiliorum HumKei Planothidium frequentissimum PlaFre 
Humidophila sceppacuerciae HumSce Planothidium renei PlaRen 
Chamaepinnularia australomediocris ChaAus Planothidium rostrolanceolatum PlaLan 
Chamaepinnularia krookiformis ChaKrf Planothisium wetzelectorianum PlaWet 
Chamaepinnularia krookii ChaKro Psammothidium germanii PsaGer 
Luticola austroatlantica LutAus Psamothidium abundans PsaAbu 
Luticola cf. cohni LutCoh Psamothidium atomus PsaAto 
Luticola desmetii LutDes Psamothidium germanoides PsaGos 
Luticola doliiformis LutDol Psamothidium incognitum PsaInc 
Luticola higleri LutHig Psamothidium papilio PsaPap 
Luticola muticopsis LutMut Psamothidium rostrogermanii PsaRos 
Luticola permuticopsis LutPer Psamothidium sp. 1(small) Psasp1 
Luticola raynae LutRay Psamothidium superpapilio PsaSup 
Luticola sp. 2 Lutsp2 Sellaphora antarctica SelAnt 
Luticola truncata LutTru Sellaphora gracillima SelGra 
Luticola vandevijveri LutVan Sellaphora jamesrossensis SelJam 
Mayamaea excelsa MayExc Stauroforma inermis StaIne 
Mayamaea sweetloveana MaySwe Stauroneis delicata StaDel 
Microcostatus naumannii MicNau Stauroneis huskvikensis StaHus 
Muelleria aequistriata MueAeq Stauroneis latistauros StaLat 
Navicula cremerii NavCre Stauroneis pottiezii StaPot 
 
 
